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Abstract
This thesis examines how energy planning can be structured to accommodate solutions
to the di culties regarding the security of supply of electricity that Costa Rica currently
su↵ers from.
The analysis in the thesis has its’ outset in the backcasting concept, which has been
chosen as the general methodology. An aggregated model of the backcasting method
for planning has been made in order to fit the area of research. This methodological
choice is also the foundation for the structure of the thesis.
Firstly an analysis of the electricity sector in Costa Rica uncovers the principal chal-
lenges related to the technologies currently used to cover the demand.
Subsequently, according to the principles of backcasting, the desired state for the elec-
tricity sector is defined. In this part of the thesis the electricity sector as it should be
characterized in the view of the author, to avoid having the same problems as the current
state of the sector has, are presented.
It is concluded that a need to diminish the dominant role of hydropower in the electricity
production is of the utmost importance for Costa Rica. This is due to the heavy seasonal
variations in power output that this source of energy is subject to in Costa Rica. The
unilateral use of hydropower as the basis for electricity generation is determined to be
the main culprit for the countries di culties regarding the security of supply.
An analysis and discussion on how to enhance the capabilities of the energy planning
system in Costa Rica is performed in order to pinpoint specific areas where actions
can be taken in order to increase the exploit of non-hydropower renewable energy. The
study concludes that the municipalities should have an active role in the energy planning
in Costa Rica, by formulating local energy plans, with the prospects of closer ties to
potential actors that can contribute to the expansion of non-hydropower renewables
through a bottom-up implementation. The formation of a national Renewable Energy
Knowledge Center is proposed to support the municipalities in mapping of resources
and formulation of local energy plans. The center should also assume the role of support
for future project developers seeking to install renewable energy technologies. The
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purpose of the proposed center is to both function as a consultancy services to the parties
mentioned above but to also take on an investigative role.
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1
Problem area
In this chapter an introduction to the problem area that this thesis is based upon, will
be outlined. This chapter functions as a funnel in which the very broad and complex
problem area of global warming, dangers of climate change and the need for a transition
to green energy, is distilled into a specific problematic concerning a defined area. In the
case of this thesis this funnel will lead to present Costa Rica as the focal point of this
thesis.
1.1 Climate change and energy security
The issue of combating climate changes through the reduction in emissions of green-
house gasses (GHG) is very much in focus in the public debate of the global society we
live in today. To mitigate anthropogenic climate changes calls for prompt and e↵ective
actions, where the transition to renewable energy is one of the most important.
While the desire to make the transition to renewable energy to avoid the severe e↵ects
of further climate changes, another desire for making such a transition is also present in
many countries. This relates to the wish to increase the energy security and minimiz-
ing the dependency on the use of fossil fuels. For countries with little or no available
reserves of fossil fuels a dependency on the import of energy can have a major e↵ect
on their economic development. The question of going green is therefore not exclu-
sively connected to a wish of contributing to climate mitigation. Fortunately these two
interests are not conflicting and a heightened level of energy security as a consequence
of the implementation of more renewable energy will also have a positive e↵ect in the
fight to reduce GHG emissions.
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In this thesis the focus is on how to obtain a higher degree of energy security through
the utilization of renewable energy. To exemplify this focus Costa Rica is chosen as the
focal point because of the country’s interesting energy profile and the challenges related
to energy in general and electricity supply specifically.
1.2 Renewable energy in Costa Rica
Costa Rica is very interesting country regarding renewable energy because the country
already has a very large amount of renewable energy installed. And in the country, the
question of choosing renewable energy to cover the demand is very much a question
of maintaining a security of supply. The country has traditionally had hydropower as
a central part of the electricity production and thanks to the resources for this energy
technology, the country currently has approximately 85% of the total electricity gener-
ation based on renewable energy. Of this a massive 70% of the generation is carried out
at hydropower plants. [Enerdata 2013] In the figure below the electricity generation by
source is shown from 1980 until 2010.
Figure 1: Electricity generation by source in Costa Rica, 1980-2010 [Enerdata 2013] Calcula-
tion by the author)
The main problem with the renewable energy Costa Rica utilizes is the fact that the
country’s electricity production is highly dependent on precipitation, because of the
3
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large concentration of the electricity production on hydropower, produced mainly on
large hydropower plants. [MINAET 2011] Throughout most of the year this does not
pose a problem, but unfortunately the country experiences approximately four drier
months every year, where the level of precipitation is not su cient to keep up the re-
quired production of electricity from the hydropower plants. [World Weather and Cli-
mate Information 2012] The result of this is that the remaining electricity must be pro-
duced using expensive and polluting fossil fuels. This even though a range of other re-
newable energy technologies are also implemented in the electricity sector. The weight
on hydropower is simply to much for the other renewable energy technologies to be
able to cover the demand. One of the main challenges for the Costa Rican electricity
sector is therefore to be able to provide a steady supply of electricity, throughout the
year. The question of renewable energy in Costa Rica is thus not only related to the
wish to combat climate change via reduction of GHG emissions.
Apart from this the problematic with dependency on precipitation is not the only energy-
related challenge Costa Rica is facing. As many other countries, especially developing
and least developed countries, Costa Rica is also facing a heavy increase in energy
consumption. Although projections on future energy demand are subject to uncertainty,
it is clear that the country needs to de-couple its’ economic growth from the growth in
energy consumption. In short: a higher level of energy e ciency is needed. During
the last 20 years the rise in final electricity consumption is seen to have followed an
exponential path of growth. [Enerdata 2013, Antonsen 2012] Although an extrapolation
of such data is always attached with uncertainty, especially when the increase is of an
exponential manner, it does give a clear indication that Costa Rica needs to both get its’
electricity consumption under control and secure that the inevitable rise in electricity
demand is covered in the future as well. [Antonsen 2012] Below data for the rise in
electricity consumption is presented. In the figure two di↵erent trend lines have been
plotter for this data set and it is clear to that the exponential trend line (the green line)
fits the data set the best. 1
1The regression analysis will be elaborated further in chapter 3
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Figure 2: Historical growth in final electricity consumption for Costa Rica. [Enerdata 2013]
(calculated by the author)
When looking at the increase in the total energy consumption compared to the aver-
age percentage of economic growth over the last 30 years it is clear that the country
needs to become more energy e cient. Using data from the U.S. Energy Information
Administration (EIA) I have calculated the average growth-rate for Costa Ricas total
electricity consumption from 1980 until 2010 to be approximately 5.3% per year. [?]
During the same period the average yearly growth rate for the Costa Rican economy is
4.7% according to the World Bank. [The World Bank 2013]
1.3 Energy planning in Costa Rica
To solve the issues related to covering the demand for electricity without turning to
fossil fuels to produce the required electricity, while still obtaining a steady supply
of electricity throughout the year, is obviously something that requires careful energy
planning.
The Ministry of Environment, Energy and Telecommunications (MINAET) in 2011
published the National Energy Plan 2012-2030, and while it is positive that such a plan
is published, the plan shows a very unilateral focus on hydropower to be the only so-
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lution to the growing electricity demand, in my opinion. [MINAET 2011] While other
options are discussed, the initiatives needed to be taken in order to make other technolo-
gies part of the solution, are not proposed. In my opinion the energy situation in Costa
Rica calls for a diversification of the energy matrix. And this needs to be reflected in
the energy planning in the country as well. In order to do so it is of course necessary
that the system that is to carry out the energy planning for the country has the necessary
capacity. The content of this needed capacity for energy planning and specific proposals
for the content of the energy planning in Costa Rica, will be the subject matter for the
research carried out in this thesis.
The above problem area has led me to formulate the following problem statement,
which it is the aim of this thesis to answer.
1.4 Problem statement
What challenges related to electricity production from renewable energy sources
does Costa Rica face today? And how can future energy planning take these
challenges into account and ensure a heightened level of energy security, while
maintaining that the majority of the electricity produced using renewable energy
sources?
In the following chapter the methodology of this thesis is presented. In the methodol-
ogy the problem statement will be elaborated and demarcations for the research to be
performed, will be made.
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2
Metodology
In this chapter the methodology of the thesis will be explained. The purpose of this
chapter is to explain the methodological choices I have made during the writing of this
thesis.
As the first part of this chapter I will outline the demarcations I have made during
the writing of this thesis. The subject of energy planning is vast and complicated and
because of this I have chosen to do a range of demarcations to focus my research on a
specific area, with the aim of providing a profound analysis on this matter.
Following the outline of the demarcations made I will explain the planning concept of
backcasting which is at the center of my approach to the problem area. Apart from
explaining the concept itself, it will also give the reader an enhanced understanding of
the structure of this thesis. Following this the project design will be outlined and the
individual parts of the thesis will be briefly explained. At the end of this chapter the
background for the data that I have used throughout my analyses, will be explained.
2.1 Demarcations and the purpose of the analysis in this
thesis
In the process of writing this thesis I have chosen to make several demarcations and
focus on certain aspects related to the energy planning in Costa Rica. In the following
these demarcations and the focus I have chosen will be presented.
As indicated in the first chapter, the problem area is centered around the interesting fact
that Costa Rica already have a large amount of renewable energy installed, experience
a heavy growth in the electricity demand and through the dominant position that hy-
dropower has to its’ electricity production, experiences an unfavorable dependency on
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precipitation throughout the year. [MINAET 2011] This collection of challenges calls
for a thorough and profound analysis in order to come up with viable solutions that will
work well also in the long term perspective. And the solutions to the energy related
problems that Costa Rica face can be found in a multitude of disciplines and subjects. It
is therefore necessary to place a clear focus for this thesis in order to reach the desired
level of substantiality for this thesis.
I have chosen to focus my work with this thesis around the analysis on how Costa Rica
can meet the challenge of implementing more renewable energy without increasing
the dependency on precipitation and thus increase the energy security in the country.
With this focus I have already made a demarcation in that I will take as a given that
the country needs to expand its’ electricity generating capacity as a central part of the
solution to the country’s energy related problems that it will face in the future. I consider
this a given although I am aware that there are several di↵erent aspects to this problem,
in play at once. And that the expansion of the capacity to deal with a problem brought
on by the supply side of the electricity system, is by no means the only solution or
approach to a solution there is to this problem.
In my opinion this demarcation is validated by the fact that it is clear that the country
in one form or another will have to expand its electricity capacity in the future, regard-
less of other initiatives, taken from other angles than the supply side, to alleviate the
problem with the energy security. The question of how the expansion of the electricity
generating capacity will happen therefore remains central and the solutions proposed
and ultimately chosen will have a great impact on the country’s energy security and
whether or not Costa Rica will continue to be powered mainly with renewable energy.
The problem relating of energy e ciency and the high growth in electricity consump-
tion, that I have mentioned in the problem area is another issue that will be vital to deal
with for Costa Rica in the future. Although I have outlined this problem in the first
chapter, and will briefly touch upon the subject later on, this will not be a central part of
the analyses or discussion in this thesis. But I have chosen to present that the problem
exists to show the reader that clearly the issue of expansion of the electricity capacity is
not the only problem at hand here. The fact that the level of energy e ciency and the
demand for energy and thereby also electricity, are closely connected, only strengthen
the incentives for the mentioning of the problem, in my opinion.
Because Costa Rica successfully has relied on renewable energy to power the country
for decades, I think it is immensely important to look at how renewable energy can
continue to be su cient and a good solution to the country’s need for electricity. Es-
pecially since problems regarding the characteristics of the main source for electricity
9
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generation in the country - hydropower - is showing signs of great problems for the fu-
ture stability of electricity supply, when coupled with the country’s growth in demand.
I have therefore chosen to not look at demand side solutions, although I am aware that
they exist and that they will be necessary for Costa Rica as well.
I have also chosen to not look into the option of balancing the grid via import or export.
I have made this demarcation to put an emphasis on the issue of energy security and
independence from import of energy. By not focusing on the country’s possibilities of
covering demand by import and generally balancing the grid via import/export I think
the discussion on how the future expansion of the electricity capacity in Costa Rica is to
take place, is further strengthened. To some extent I think that the choice to make this
demarcation acts as a way of distilling my chosen focus of research even further. It is
however important to note and keep in mind that the analyses and discussions presented
in this thesis only relates to part of the problem. This part is important, and I think
it represents one of the biggest energy related challenges of Costa Rica, but it should
never be understood as presenting the complete picture of how the country can improve
its’ general energy situation. The purpose with this thesis is therefore to propose con-
crete actions that can be taken to ensure that the expansion of the electricity generating
capacity in the country will improve its’ energy security, while not contributing to GHG
emissions.
In the following a definition of the methodology of backcasting will be provided, as it is
central in the methodological approach I have chosen for this thesis. While other defini-
tions are necessary also, these will be provided where the concepts are mentioned. An
example of this is the term energy planning, which will be outlined where appropriate.
2.2 Backcasting as a planning tool
For the analyses needed to be undertaken to investigate the chosen problem area it is
necessary to define the methodology of how these analyses are to be performed.
I have chosen that the framework for the analyses in this thesis will be based upon the
methodology of backcasting, which will be outlined in this section of present chapter.
While backcasting is not a new methodology, the way it is put to use in this thesis will
vary slightly from the definitions presented below. After providing an explanation of
the concept I will account for how the methodology will be utilized in this thesis, since
the manner of utilization both connects to the chosen problem area as well as the de-
marcations listed above.
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2.2.1 Backcasting
Backcasting is a method for future studies of systems where a goal for the future state
of the system is set and then acts as the basis for an analysis of how to reach this state.
Through this analysis the necessary steps to fulfill the transition to the desired future
state is made and thus constitutes a planning procedure. [Damsø 2012, Robinson 1990]
The method di↵ers from other types of approaches to planning of or in a given system,
in that the outset for the planning process is to define the desired end state for the system
in question. When the desired future end state of the system has been established, the
current state of the system is determined. Once these two outer poles of the planning
process have been determined, the feasibility of ending up at the desired end state is
determined through analysis. In this analysis the actual planning takes place, in that
in this part of the backcasting process challenges/obstacles and possibilities of moving
from the current state to the desired end state, are mapped. Lastly the conclusions as to
which steps are necessary to take in order to fulfill the transition from the current state
to the desired end state, can happen.
This approach di↵ers from the more conventional way of planning known as predica-
tive forecasting, where the outset for the analyses and planning process is the current
state of the system. With the forecasting method the result of the planning process is
to determine what future is likely, whereas backcasting sets a goal for the future state
of the system and then looks into the feasibility of ending up at this desired state. With
forecasting as the method for planning, the necessary steps in order to transition the
system in the future, are made on the basis of the existing.
The idea of backcasting was first put forth by Amory B. Lovins in the 1970’s in his
’soft energy’ analyses. The actual term backcasting, building on top of Lovins idea,
was coined later on in the 1980’s by John Bridger Robinson. [Robinson 2003] One of
the arguments Robinson makes against predicative forecasts is:
...our ability to predict the future is strongly constrained. There is funda-
mental uncertainty about future events, which stems from (i) lack of knowl-
edge about system conditions and underlying dynamics, (ii) the prospects
for innovation and surprise, and most importantly (iii) the intentional na-
ture of human decision-making.[Robinson 2003]
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Another argument for the use of backcasting as an analytical method when carrying out
energy planning, is that this method is particularly well suited for very complex systems
that may require radical changes in order to transition into the desired future system.
Compared to backcasting, predicative forecasting has been criticized for having an in-
herent bias towards the existing state of the system, that is the outset for the planning
process in forecasting. [Robinson 1990] Large, complex systems as for instance energy
systems have a certain inertia and relevant actors in these types of systems can have a
considerable reluctance towards radical changes of the system. An example of such a
reluctance could be the bias towards the already implemented technologies, when the
best long-term solution might be to abandon these altogether.
Because backcasting approaches the analysis and planning in the opposite direction than
the forecasting method, the existing system is ignored when setting goals and determin-
ing the desired future state of the system, that the process should produce. [Robinson
1990, Damsø 2012, Nimb 2012] On the di↵erence between predicative forecasts and
backcasting, Robinson says the following:
...while the emphasis in forecasts is on discovering the underlying struc-
tural features of the world that would cause the future to come about, the
emphasis in backcasts is on determining the freedom of action, in a policy
sense, with respect to the futures.[Robinson 1990]
To continue with Robinson’s definition and explanation of backcasting, he sums up the
process of backcasting in six individual steps, to be carried out in a chronological order.
[Robinson 1990]
1. Determine objectives
2. Specify goals, constraints and targets
3. Describe present system
4. Specify exogenous variables
5. Undertake scenario analysis
6. Undertake impact analysis
The model for backcasting, as described above, has however been criticized by Ander-
son in his article ”Reconciling the electricity industry with sustainable development:
backcasting - a strategic alternative” [Anderson 2001]. Anderson argues that while the
argument against predicative forecasting is indeed very valid, the model Robinson pro-
poses does not depart su ciently from this traditional way of planning. Anderson points
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to the fact that Robinson calls for ’projected energy costs’ to form part of the analysis
in the backcasting process, thus placing a predictive forecasting element within the very
core of the backcasting process. A process that is seeking to abandon the guesses about
the business as usual, as being one of the pillars on which an energy analysis and plan-
ning is based.
Anderson does however give Robinson credit for providing a useful conversion of
Lovins’ original ideas in his ’soft energy’ analysis. [Anderson 2001]
Following his criticism of Robinson’s approach to reformulating the principles of back-
casting, Anderson provides his own definition of the backcasting method. This proposal
focuses a great deal on bringing the strategic element into the backcasting model, which
he argues will contribute to bringing a greater level of sustainable development into en-
ergy planning. The proposed backcasting model by Anderson builds upon Robinsons’s
model with the six steps, as described above. [Anderson 2001] In Anderson’s own
words described as follows:
Finally, while the following analysis is constructed around Robinson’s back-
cast format, it explicitly rejects the retention of long-term energy forecasts,
either in terms of prices or demand.[Anderson 2001]
In my opinion it is very important to note that Anderson calls for that the objectives,
that are to be established in the first step of the backcasting process, should be of a
strategic character. While Anderson does not provide an explicit definition of the term
strategic, I think it is safe to understand this as relating to the literal meaning of the
word. According to the New Oxford American Dictionary [Oxford University 2010]
the word strategic means:
Relating to the identification of long-term or overall aims and interests and the
means of achieving them
In a military context, if something is done strategically it di↵ers from something that is
carried out in a tactical manner. Where tactics relates to the individual actions, done for
instance during a battle, the strategy relates to the long-term planning of how to win the
war. Tactics are coupled to form the strategy, so to speak. [Damsø 2012]
Anderson hereby states that the objectives determined in the first step of the backcasting
process should be formulated with focus on the long-term development of the system
that is to undergo the planning carried out using the backcasting methodology. [?]
In my understanding of the point made by Anderson, it is therefore important that the
strategic objectives are specific enough to indicate a clear strategy for the development
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of the system, but general enough to allow for several di↵erent ’tactics’ to achieve the
goal. That is not say that the goal should not be specific and clear, but since the goal
relates to something that is long-term, it is important that it allows for a dynamic route
to this future state. In practice this will mean that the strategic objectives do not indi-
cate the route towards fulfilling these objectives. In my opinion this is the very core of
what backcasting is, since it allows for the planning of a conversion of a system with-
out being bound to carry out this conversion based upon how the system exists currently.
2.2.2 Use of backcasting in this thesis
In my use of backcasting as the methodology for the analyses carried out in this thesis I
chosen to view the methodology in a more conceptual way than that of Anderson. This
is because the research that I am performing with this thesis has a much more focused
nature, than the all-encompassing energy analysis that Anderson ties the backcasting
model to. I recognize Anderson’s view of the backcasting as valid when deployed as a
method for an analysis covering the energy system in a more general manner, than the
more focused analysis that I have chosen to cover in my thesis.
I have chosen to use the backcasting methodology as the framework for my analysis
because I agree with the points made by both Robinson and Anderson [Robinson 1990,
Anderson 2001] that an analysis carried out on a system with an inherent conservative
bias, calls for a method that can circumvent this. The idea that the first step of the
planning process should be to determine the desired end state, is therefore at the center
of my method for the research presented in this thesis.
Furthermore the problem area with the needed changes in the electricity sector of Costa
Rica in order to obtain a stable electricity supply in the future, calls for a normative
methodology, which backcasting can be considered to be. [Nimb 2012] Because of
the focus of this thesis and the demarcations made, as stated earlier in this chapter, I
find it appropriate to present a simplified, hybrid version of Robinson’s and Anderson’s
backcasting model. The steps in my aggregated version of the backcasting methodology
is presented in the list below.
• Ideal state
• Basis state
• Requisites for adaptation of the system
• Conversion of the system to the desired ideal state
Following the general principle of backcasting the process begins with the determining
of the strategic goal for the process, as both Robinson and Anderson also do. [Robinson
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1990, Anderson 2001] I have chosen to call this the ideal state, because in this part of
the process I will establish what I consider would be the ideal state for the Costa Rican
electricity sector. This is done according to the focus and demarcations made for this
thesis, as described earlier in present chapter (section 2.1).
From this, the status quo of the system that is subject to the investigation, is established
- called the basis state. In this case this means that an analysis of how the Costa Rican
energy system, especially the electricity sector, is functioning today.
The third of the four tiers of this method is to establish the requisites for the system to
be transformed from the basis state to the ideal state. The requisites are determined with
the contents of the ideal state as the focus. The requisites are determined with the ideal
state in mind, since this is the goal for the planning carried out during the backcasting
process. The ideal state will therefore act as a guide in the analysis of the requisites for
adaptation.
In the fourth part of my aggregated backcasting model the conversion of the system is
presented. In this part of the thesis, the actions needed to be taken in order to fulfill
the strategic objectives determined in the ideal state, is presented. The outcome of the
conversion part of the backcasting process will, in the case of this thesis, be a series of
recommendations to how the energy planning system can be adjusted and changed in
order to allow for the fulfillment of objectives stated in the ideal state.
Below a figure of my aggregated model for the backcasting methodology is presented.
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Basis State
Conversion of the system to the ideal state
Requisites for adaptations of the system
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Figure 3: Schematic representation of the concept of backcasting. The numbers in each box
refers to the chapter in the thesis. Source: Authors own illustration.
In the figure the four parts of the process are shown, with arrows indicating the flow of
information that happens during the process of analyzing the system.
2.3 Project design
In essence the structure of the backcasting process, as described above, functions as the
project design for this thesis. The only parts of this thesis that is arguably outside of this
structure is the first chapter containing the problem area and problem statement and the
present chapter (Methodology) explaining the approach to the problem area.
For the structure of the thesis I have made one change in the order of the chapters as
compared to the order of the steps for the backcasting method. Instead of placing the
the ideal state immediately after present chapter, I have chosen to present the reader
with the basis state first, although this is the second step of the backcasting process (see
figure 3). This is done to provide the reader with some general background knowledge
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about the area of focus, namely the electricity sector in Costa Rica. In the figure 4 below
a graphical representation of the project design is shown. Along with the same titles for
the individual ’blocks’ of the thesis as defined by the backcasting method, the project
design presents some very broad questions to indicate what type of information the dif-
ferent chapters aims to provide. In the actual chapters more specific working questions
are presented in the beginning of the chapters. For the project design I have chosen
a bit more broad approach, because the working questions often are easier understood
when the previous chapters have been read and would thus not provide the su cient
overview as is needed in a project design. To further give an overview of the structure
of the thesis, the chapters in the project design are presented in the same order as they
appear in, throughout the thesis.
PROJECT DESIGN
Ideal State
4
4
Basis State
3
Requisites for adaptations of the system
5
Conversion of the system to the ideal state
What is the situation now?
How should it be in the future?
Is it likely to change - and how?
Moving from status quo to the future
Figure 4: Graphical representation of project design. The numbers in each box refers to the
chapter in the thesis.
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Below the individual chapters will be explained briefly to give a better idea of the struc-
ture of the thesis.
Basis state
Chapter 3 The basis state provides the reader with a general overview of Costa Rica
in terms of describing the weather and climate characteristics, economic development
and the governmental structure of the country. Subsequently the historical development
within the area of energy (installed capacity, electricity consumption, etc.) is described.
All in all a thorough analysis on the energy system, specifically the electricity sector is
provided in order to get an idea of the status of the system as it is today.
The aim with this chapter is to answer the following working questions:
What has been the historic development in Costa Rica, with regards to the growth
in electricity demand? How is the electricity sector structured and regulated and
what are the main actors in the sector? And what are some of the defining charac-
teristics of how the electricity production is carried out in Costa Rica?
Ideal state
Chapter 4 In this chapter the ideal state for the electricity sector of Costa Rica, specif-
ically the optimal expansion of the electricity generating capacity, is defined. The pur-
pose of the chapter is to establish how the expansion of the electricity capacity should
be carried out in a manner that will increase the energy security, while continue to rely
on renewable energy.
As a part of this chapter the requisites for adaptation of the system will also be pre-
sented. I have chosen to join the definition of the ideal state and the analysis on the
requisites for adaptation of the system to form one chapter.
As the two outer poles of the planning process have been established, following the
order of the backcasting method, this part of the backcasting process will look at the
challenges/obstacles and the possibilities for changes of the system.
The aim with this chapter is to answer the following working questions:
What requirements to the choice of renewable energy sources exist, in order to
continue the green transition of the Costa Rican electricity sector, while ensuring
that the system achieves a high level of security of supply with a minimal de-
pendency on fossil fuels and import of energy? And what is the potential in the
country for an expansion of the electricity generating capacity that adheres to the
demands of the previous question?
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Conversion of the system to the desired ideal state
Chapter 5 In this chapter the actual model for how to reach the ideal state is presented.
The content of the chapter will consists of a discussion on both how the structure around
the energy planning process and vital points of the actual content of a future energy
plan. In the chapter a definition on and discussion of energy planning in general will be
provided as the basis for the discussion of this in the Costa Rican context.
The purpose of the chapter is to propose a structural change that allows for the energy
planning to be carried out in a way that will enhance the possibility of the future ex-
pansion of the Costa Rican electricity capacity to happen in correspondence with the
conditions determined in the previous chapter.
The aim with this chapter is to answer the following working questions.
What structural changes to the system responsible for the energy planning, are
needed in order to achieve the conditions described in the ideal state? And what
are the key points, regarding the content of the energy planning, that are needed in
order to realize the conversion from the basis state to the ideal state?
Conclusion
Chapter 6 The conclusion to the entire process will be provided, with an answer to the
problem statement.
Perspectives
Chapter 7 In the last chapter relevant future perspectives are discussed.
2.4 Empirical data
The empirical data that form part of the basis for this thesis is collected from several
di↵erent sources. These will be presented and discussed in the following.
For the analyses on the energy system and the economic development in chapter 3 (basis
state) more than one data set from several sources constitutes the empirical background.
The reason for choosing data from di↵erent sources is because that while all sets of data
were good, none of them covered every aspect that I wanted to know about the energy
system in Costa Rica. Although I find the data to be credible from the di↵erent sources
(presented below) there were some discrepancies between some of the data sets on data
describing the same conditions of the Costa Rican energy system. These di↵erences in
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values were typically smaller variations in for instance the percentage of the di↵erent
electricity producing technologies out of the total produced electricity. The variations
were however within a reasonable interval and not completely contradicting each other.
Below the sources are listed with a description of the data provided by the source and
an evaluation of the credibility of the source and the data.
Enerdata
Enerdata.net is a website supplying data related to energy from a range of di↵erent
countries. From the website, data series can be selected and aggregated and manipulated
in charts and tables, via the websites interface, as well as exported for further analysis
in the form of Excel spreadsheets. [Enerdata 2013]
CEPAL
Comisión Económica para América Latina y el Caribe (Economic Commission for
Latin America and the Caribbean - CEPAL) published in 2011 a report with statis-
tics on the electricity sub-sector in the Central American region. The report contains a
good and comprehensive dataset on the electricity sector in Costa Rica and notably de-
tailed information on the ownership status of electricity producing plants in the country.
[Rojas 2011]
MINAET
MINAET is the Ministry of Environment, Energy and Telecommunications of Costa
Rica. In 2011 the ministry published ’Plan Nacional de Energía - 2012-2030’ (National
Energy Plan - 2012-2030). This publication has been used extensively throughout the
writing of this thesis, as a source of information regarding the energy system in Costa
Rica. It has not been possible to gather the data behind the diagrams, graphs and figures
in the publication, and I have thus not had the possibility of aggregate the data in di↵er-
ent ways myself. Despite this lack of transparency for this source, I find the information
presented in the publication highly credible, since it stems from an o cial channel in
Costa Rica. [MINAET 2011]
2.5 Summary
In this chapter the methodology has been outlined and vital concepts to the writing of
this thesis, have been defined. In the following chapter the basis state of Costa Rica will
be accounted for.
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Basis State
In this chapter the basis state of the Costa Rican electricity sector will be outlined.
As explained in the methodology chapter (chapter 2) the basis state is the step of the
backcasting process where the current condition of relevant aspects is outlined. The
purpose of this part of the backcasting process is to determine the existing conditions
related to the energy system in general and specifically the electricity sector.
The chapter will also include general information about Costa Rica, such as the climate
and weather conditions, economic development and structure of the government.
In short the chapter aims at answering the following working questions:
What has been the historic development in Costa Rica, with regards to the growth
in electricity demand? How is the electricity sector structured and regulated and
what are the main actors in the sector? And what are some of the defining charac-
teristics of how the electricity production is carried out in Costa Rica?
In the end of the chapter a summarization of the key points of the basis state in reference
to the backcasting planning process will be presented. These points, along with the
conclusions of the chapter describing the ideal state (Ideal state - chapter 4 will then be
further analyzed and discussed in the two subsequent chapters.
3.1 General overview of Costa Rica
Costa Rica is located in Central America with borders to neighboring countries Nicaragua
in the north and Panama in the south. The population amounts to approximately 4,6 mil-
lion inhabitants of predominantly white heritage.[Central Intelligence Agency 2012]
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3.1.1 Political structure of the republic
The country is a democratic republic with a democratically elected president as head
of state. The country is divided into seven provinces, which are again divided into 81
cantons (equal to municipalities, henceforth referred to as such). The legislative func-
tion of the provinces was abolished in 1998, but the cantons each have a democratically
elected mayor. Elections for mayor are held every four years, but is a rather recent part
of the political structure, as the first nationwide elections for mayor were held in 2002.
[Wikipedia 2013, US Department of State 2012]
The president of the republic of Costa Rica acts as both head of state and the government
and elections are held every four years. Apart from two vice-presidents, the cabinet of
around 20 persons make up the government of Costa Rica. The current president is
Laura Chinchilla, who was sworn in as president on May 8th of 2010. [Central Intel-
ligence Agency 2012] The legislative power of Costa Rica is vested in the Legislative
Assembly (Asamblea Legislativa in Spanish), which consists of 57 members and the
president of the republic. The elections for the Legislative Assembly is held along with
the elections for president. [Central Intelligence Agency 2012]
Unlike many other Latin American countries which have been subject to a great level of
privatizations of once publicly run facilities, such as for instance water and electricity,
this has not happened at a large scale in Costa Rica. The state thus still has a great
deal of influence on, for instance, the energy sector. This is mainly due to the fact that
the largest electricity provider is owned by the state. A complete state monopoly is
however not in place as private companies are allowed to operate within the sector as
well. [Encyclopedia of Nations 2012, MINAET 2011] These conditions regarding the
energy sector will be further elaborated later on in this chapter.
3.1.2 Location, climate and weather
The climate in Costa Rica is tropical, with a very small variation in the mean tempera-
ture frommonth to month throughout the year. The mean value for the temperature stays
within the range of 21 and 23 degrees celsius for every month of the year. The only sea-
sonal climatic variation in Costa Rica is between the dry and wet season. The dry sea-
son consists of the months from December until (and including) April. The di↵erence
in average precipitation is approximately 10 mm of precipitation in January/February
to approximately 350 mm around the time of September. [World Weather and Climate
Information 2012, Danmarks Meteorologiske Institut 2013] Both dry and wet seasons
are of course a↵ected heavily by the climate phenomenon of El Niño/La Niña, where in
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the case of El Niño the region where Costa Rica is located will experience a significant
increase in precipitation, and the opposite will happen during the course of La Niña.
Figure 5: Climate data for San Jose - capital of Costa Rica. [Danmarks Meteorologiske Institut
2013]
Regarding the climate in Costa Rica it is worth paying attention to the fact that the
relative high temperatures throughout the year makes household heating obsolete. This
apparent decrease in energy use compared to countries located in colder regions, is
then arguably countered by the fact that a need for cooling (air conditioning) is present
at times. But more importantly for the energy situation in Costa Rica it is important
to note the quite large di↵erence in precipitation between the drier and wetter months.
The consequences of this will be further elaborated in the section ’Sources for electricity
production in Costa Rica’(section 3.2.1).
3.1.3 Economic development
Traditionally the country’s main source of income has been agriculture and agro-industries,
with co↵ee being a central crop for exports. Costa Rican co↵ee is widely recognized as
being amongst some of the worlds finest. Other important crops in terms of exports are:
banana, pineapple and sugar. [Central Intelligence Agency 2012]
In later years the country has seen technology manufacturing take over as being the main
source of income for the country. This can be credited to favorable tax-exemptions for
corporations investing in Costa Rica. As an example, Intel (manufacturer of computer
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processors) has in recent years been responsible for approximately 20% of the country’s
exports (in terms of revenue), which translate into approximately 5% of the country’s
GDP.
Apart from revenue generated through export of goods, the Costa Rican economy also
enjoys a stream of income from the large amounts of tourists the country attracts each
year. Especially eco-tourism has in recent years become very popular, mainly owing
to the country’s rich biodiversity, climate and responsible manner of conducting and
regulating the country’s tourist attractions, hereunder also the public’s access to na-
ture.[Central Intelligence Agency 2012]
According to the CIA Factbook, the Costa Rican economy su↵ered a brief setback
during the international financial crisis, as a result of the general economic downturn
worldwide. In 2009 the economic growth, thus slowed to approximately 1,9%, but
soon recuperated to a level of circa 4% in 2010-2011. The World Bank states that the
economic growth has averaged 4.7% during the last 15 years. [The World Bank 2013]
This must be considered a rather impressive stable growth for a country in this region.
The country has traditionally been favored by foreign investors as a result of the polit-
ical stability and general positive view on foreign investments. According to the CIA
Factbook Costa Rica has attracted some of the highest levels of foreign investments
per capita in Latin America. [Central Intelligence Agency 2012] The country’s GDP in
2011 was at an estimated US$ 54,47 billion in total or US$ 11,500 per capita.
Although Costa Rica has enjoyed a rather healthy economic growth, the country has
had a quite steady level of poverty. For the past 20 years between 15% and 20% of the
population has been below the poverty line (living for less than US$ 2 per day).
In Costa Rica the economic inequality is actually quite substantial, as the country is
ranked number 22 of 140 countries on the CIA list of distribution of family income
(where number 1 is the country with the least equal distribution). [Central Intelligence
Agency 2013]
3.2 Energy in Costa Rica
As indicated in the problem area and methodology, the focus of this thesis is on the
electricity sector of Costa Rica and not of the energy system in general. The following
account of the energy situation in the country will therefore focus mainly on the elec-
tricity sector and matters hereof.
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Costa Rica is a quite interesting country in terms of energy since it has already suc-
cessfully implemented a large degree of renewable energy in the electricity producing
sector. But even though nearly 90% of the produced electricity is based on renewable
energy sources, it is also clear that the country faces various di↵erent challenges that
must be overcome if Costa Rica is to have a stable electricity sector, based on renewable
energy in the future.
One of these challenges stems from the energy matrix the country currently has. The
main reason for the large amount of renewable energy deployed in the country is the
large amount of hydropower that is present in the electricity producing sector. Is is ob-
viously very positive that hydropower is the predominant source of electricity as it is a
renewable energy source. It does however pose a problem when such a large percentage
of the electricity production is based on this very source, since the output from hy-
dropower plants will vary with the level of precipitation throughout the year. This very
unilateral approach to securing renewable electricity can therefore at times present the
country with di culties in securing that the electricity demand is covered. [MINAET
2011]
3.2.1 Sources for electricity production in Costa Rica
As mentioned Costa Rica has a very large degree of renewable energy in its’ electricity
sector, with hydropower being the largest contributor accounting for 70% of the elec-
tricity production. In much smaller scale the country has also successfully implemented
other renewable energy sources to produce electricity with, namely geothermal, wind
and biomass power contributing to 11%, 3% and 1% of the total electricity production
respectively. Only the remaining 14% was covered by thermal power plants run on
fossil fuels.2 (All numbers for electricity production in 2010) This puts Costa Rica at
the very top in terms of countries with the most renewable energy implemented in the
electricity producing sector. [MINAET 2011] In the two figures presented below (figure
6 and 7) the total installed capacity for electricity generation, shown by source and the
percentage of electricity generated by the di↵erent sources, are shown.
2The percentages only add up to a total of 99% because of rounded-o↵ values.
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Figure 6: Installed capacity by source. Source: [Enerdata 2013] Chart made by the author.
In 2010 the total capacity installed in Costa Rica amounted to 2709 MW, split between
the four major energy technologies, as shown above.
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Figure 7: Electricity generation by source, shown in percentage of total amount of generated
electricity. Source: [Enerdata 2013] Chart made by the author.
Note that in figure 7 above the thermal electricity production and the electricity pro-
duced with oil as the fuel are separate data points. In figure 6 the capacity for electricity
production with oil as the fuel is included in the data entry ’Installed thermal electricity
capacity’. It is quite interesting to see that the installed capacity for electricity gener-
ation from thermal power plants accounts for 28% of the total installed capacity, but
only accounts for 14% of the electricity generation. This has to do with the fact that the
thermal plants are dispatched mainly during the dry season to compensate for the lack
of production from the hydropower plants, that are unable to produce at full capacity
due to the lack of water in dams, reservoirs and rivers.
The statistics of how much renewable energy that is already installed in Costa Rica is
obviously impressive, when looking at other countries around the world, especially in
comparison with countries of the same economic development. But because of the very
large part of the electricity producing capacity that is placed on hydropower plants the
country experiences a seasonal and quite problematic dependency on fossil fuels for
electricity production. Although thermal plants using fossil fuels only account for 14%
of the total electricity production throughout the year, these plants are vital in supplying
electricity to cover the demand in the dry season, where the hydropower plants perform
below their actual capacity due to less precipitation. [Salazar 2011, de la Torre 2010,
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MINAET 2011]The problem with utilizing fossil fuels to cover demand during dry
periods, not only relate to the increase in GHG emissions, but is also a very costly
way of delivering the required electricity to the grid. And furthermore the price of the
electricity delivered is heavily dependent on the international market for gas and oil
as Costa Rica do not possess these natural resources. All in all this makes the energy
system in Costa Rica less stable and more vulnerable to outside factors, thus decreasing
the energy security and security of supply.
3.2.1.1 Type of hydropower plants
The types of hydropower plants in operation in Costa Rica are of both the run-of-river
type and the type with a large reservoir or dam. [Global Observatory 2013] Although
there is no o cial or universal definition of what constitutes a large and a small hy-
dropower plant, it is generally accepted that a plant with a capacity of more than 10
MW is considered large.
The website www.globalobservatory.org provides a list of hydropower plants in Costa
Rica, in which it is stated that only three plants have a capacity of less than 10 MW.
[Global Observatory 2013] It is obvious that the list is not complete with all the hy-
dropower plants installed in the country, since the accumulated capacity of the plants
listed amounts to only 1298,375 MW and thus is approximately 350 MW short of the
total installed amount. [Enerdata 2013] But it is a clear indicator that the majority of the
hydropower capacity stems from large plants. Below a map with the hydropower plants
plotted is presented. The plotted hydropower plants have capacities ranging from 0.375
MW for the smallest to 180 MW for the largest. The average capacity of the plotted
plants is approximately 68 MW.3
3For full information regarding the size of the individually plotted plants, please see map online. Link
to the map is provided in the caption of the figure 8
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Figure 8: Map of the majority of the hydropower plants in Costa Rica. Source of data: [Global
Observatory 2013] Map plotted by author. Link to map: http://goo.gl/maps/
hS4ox
From the numbers and charts presented above it is clear that hydropower is by far the
dominant power source in Costa Rica and a completely central technology in the func-
tioning of the energy system and thus the country itself. But it is, as stated, also the
source of an important problem with the power supply during the drier season from
December till April.
3.2.2 Growth of installed capacity and electricity consumption
During the last couple of decades both the installed capacity and the total electricity
consumption has risen substantially in Costa Rica. Below a graphical representation of
this increase is presented.
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Figure 9: Historical development of the total installed capacity for electricity production in
Costa Rica. Source of raw data: [Enerdata 2013] - Graphical representation done
by author.
In the figure 9 above two trend lines have been plotted in order to show the manner of
increase of the total installed capacity in the period from 1980 till 2010. Both trend
lines have their corresponding R2-values next to them and from this it is clear that the
exponential trend line fits this data set best. The closer the R2-values are to 1 the better
the fit. Although the increase in installed capacity clearly has had an exponential growth
during the those thirty years, it is always subject to great uncertainties to expect that the
future development of data will also be following an exponential path. This is espe-
cially the case when analyzing growth in energy or electricity demand as a multitude of
di↵erent factors each have a large impact on the result. In the case of Costa Rica and
the demand for electricity one of the deciding factors for how the future growth will be,
is whether or not the country succeeds in becoming more energy e cient in general.
The well-fitted exponential trend line does however indicate that a heavy increase in
installed capacity is to be expected. Whether or not it will be an exponential growth is
hard to say and concrete modeling for this data is beyond the scope of this thesis. But
from the data set and the trend line plotted in I have calculated the average growth rate
of the installed capacity in the period from 1980 until 2010 to be 4,8%. [Enerdata 2013]
As expected the increase in the final electricity consumption follows a similar pattern,
as it is shown in the following figure.
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Figure 10: Historical development of the final electricity consumption in Costa Rica. Source of
raw data: [Enerdata 2013] - Graphical representation done by author.
The R2-value for the exponential trend line in the case of the growth in final electricity
consumption shows an even better fit, than that of the growth in total installed capacity.
The argumentation for why this exponential growth in electricity consumption should
not necessarily be expected to follow an exponential growth in the future, is the same
as described above. The average growth rate over the same period for the final amount
of electricity consumed is calculated to equal 5,3%. [Enerdata 2013]
3.2.3 Energy e ciency
When comparing the growth in the installed capacity and total amount of electricity
consumed with the economic growth the country has enjoyed over the same period, it
is evident that the Costa Rica does not have an impressive energy e ciency overall.
As previously mentioned the average growth rate of the Costa Rican economy over the
last 15 years has been 4,7%. The average growth for the final electricity consumption
during the same period, is calculated to a value of approximately 5%.4
4Note that the average rate of growth in final electricity consumption for the last 15 years have been
lower than that of the the last 30 years (5% versus 5,3%)
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Although it gives a simplified picture of the energy e ciency, when it is shown by
comparing the growth in electricity demand with the economic growth, it does still
provide an idea of the e ciency of the country. [Blok 2007] The argument against such
a comparison is that if a country’s economy is largely based upon industry with a very
high electricity consumption, the e ciency when comparing the electricity use to the
economic level of the country may be lower only because of the large impact such an
industry has on the economy. Other parts of society could in fact be quite e cient,
but would appear less e cient. I have chosen to compare the economic growth with
the use of energy, specifically in the form of electricity, since it gives a good clear,
albeit simplified, overview of the general state of the e ciency in the country. It is of
course positive that Costa Rica does not have a growth rate of electricity consumption
that surpasses the growth rate of the economy, but to be considered an overall energy
e cient economy the country must decouple the economic growth from the growth in
energy use.
3.2.4 Actors in the electricity production in Costa Rica
The main contributor to the electricity production in Costa Rica is by far the state owned
ICE (Instituto Costarricense de Electricidad - Costa Rican Institute of Electricity). Ac-
cording to a report on statistics on the electricity production sectors in Central America,
published by CEPAL (Comisión Económica para América Latina y el Caribe - Eco-
nomic Commission for Latin America and the Caribbean Region) 5 ICE is responsible
for 72,8 % of the total net generation of electricity in Costa Rica, when including both
public and private companies generating electricity in the country (2010 data). [Rojas
2011]
Generally most of the electricity production is carried out by public companies, where
ICE is the largest one. 83,9% of all electricity produced is carried out by public compa-
nies, and ICE accounts for 86,8% of this electricity production. Smaller private compa-
nies produces a total of 16,15% of the total net generation of electricity in the country.
And this amount of the electricity is produced by 27 individual companies. [Rojas 2011]
In terms of installed capacity the public electricity generating companies account for
85,9% of the total installed capacity, and the private companies own the remaining
14,1% of the total installed capacity. This is shown in the diagram below. [Rojas 2011]
5CEPAL is a commission under the United Nations, established by resolution 106 (VI) on the 25th of
February 1948.
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Figure 11: Percentage of public and private ownership of installed capacity, shown by technol-
ogy type. Source of raw data: [Rojas 2011] - Calculations and creation of diagram
done by the author
For the net generation of electricity the relationship between technology types and own-
ership is as demonstrated in the diagram below6.
6Please note that for both diagrams (Figure 11 and figure 12) the percentage values presented in
the smaller pie chart refer to the total installed capacity and net generation respectively and are thus not
percentages of the total capacity and net generation of the private companies.
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Figure 12: Percentage of public and private ownership of net generation, shown by technology
type. Source of raw data: [Rojas 2011] - Calculations and creation of diagram done
by the author
The level of involvement in the electricity sector by the Costa Rican state is clearly
visible in the diagrams above. This is further emphasized by the fact that the ICE owns
86,1% of the total publicly owned installed capacity (and 74% of the total installed
capacity including the privately owned share). [Rojas 2011]
3.2.5 Structure of the electricity sector today
Although not a complete monopoly in every aspect, it is fair to say that the electricity
sector in Costa Rica nearly has a state monopoly, with the ICE as the monopolist. As
mentioned above the ICE is the largest supplier of electricity, but beyond that the state
owned company also, by law, is the sole buyer of electricity from independent produc-
ers. Companies responsible for the distribution (ICE also distributes electricity itself)
can only buy electricity from ICE.
In the words of the the comparative analysis of the Costa Rican electricity sector, by
the private consultancy company Geo Ingeniería Ingenieros Consultores S.A. the ICE
is described as follows:
The Costa Rican electricity sector is characterized by a non-competitive market
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model with the presence of one dominant state actor: The Costa Rican Institute of
Electricity (ICE) in all of the segments of the sector (generation, transmission and
distribution).[Geo Ingeniería Ingenieros Consultores S.A. 2011]
In short ICE functions as a hub for electricity via its’ role as sole buyer of generated
electricity. In the figure below the structure is presented graphically.
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Figure 13: Graphical representation of the current model for the electricity sector in Costa Rica,
with respect to generation, distribution and import/export. Source: [Sindicato de
Ingenieros y Profesionales del ICE, Racsa, Filial CNFL y Proyectos 2011, p.62]
Authors own re-drawing and translation from Spanish to English.
Within the light-blue area on figure 13 above, all the functions of the Instituto Costarri-
cense de Electricidad (ICE) is shown. As explained in section 3.2.4 the main actor by far
is the ICE, accounting for more than 70% of the total electricity generation. It should
therefore be noted that in figure 13 it is not clearly shown how much bigger a con-
tributor to the national electricity production the ICE is, compared to the independent
producers (allowed to provide electricity under the auspices of law 7200).[Sindicato de
Ingenieros y Profesionales del ICE, Racsa, Filial CNFL y Proyectos 2011] But Law no.
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7200 only allows for the total installed capacity of independent power producers to be
a maximum of 30% of the total installed capacity. [Geo Ingeniería Ingenieros Consul-
tores S.A. 2011] The legislation within the area of energy will be further elaborated in
the following section of this chapter.
As figure 13 shows the imported electricity from the regional market must also go
through ICE, as the sole buyer of generated electricity. This particular condition re-
garding the functions of the electricity sector will not be further elaborated as I have
made a clear demarcation from looking at import/export options for Costa Rica as a
way of dealing with the internal challenges related to the electricity supply (see section
2.1 in the methodology).
3.3 Energy legislation
In Costa Rica the Ministry of Environment, Energy and Telecommunications (MI-
NAET) functions as the highest authority within the area of energy, as specified in Law
no. 7512. [Geo Ingeniería Ingenieros Consultores S.A. 2011] Below the ministry in
the hierarchy of the regulation system of the energy sector is the ARESEP (Autoridad
Reguladora de los Servicios Públicos - The Regulation Authority of Public Utilities) de-
fined by law no. 7593. The main responsibilities of the ARESEP is to establish prices
and tari↵s within the area of electricity, amongst others. [ARESEP 2013]
The most important laws within the area of energy are as follows:
• Law no. 449 - Creation of the Costa Rican Institute of Electricity (ICE)
• Law no. 7200 - allowing for auto generation and independent power producers to
supply electricity to the grid
• Law no. 7447 - The law on rational use of energy (energy e ciency)
In the following, the content of each of these will be outlined to provide an overview of
how the electricity sector is regulated in Costa Rica today.
3.3.1 Law no. 449
In this law, passed in April 1949, the ICE was created. The law grants the ICE the
responsibility of developing the production of energy, especially with focus on hy-
dropower as the source of electricity. The law grants the ICE status of being an in-
dependently run institution, in order to secure that the role of developer, producer and
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supplier of electricity is carried out without the direct political influence of the executive
power stated in the country at any given time.[Geo Ingeniería Ingenieros Consultores
S.A. 2011] The ICE is subject to regulation, as other actors in the electricity sector, but
it should continue to function independently from the ruling power in the country. The
ICE may function as a monopoly, but if it does so it is not by law that the ICE is a
monopoly, but instead de facto.
3.3.2 Law no. 7200
Law no. 7200 of 1990, brought a quite big change to the electricity sector of Costa Rica,
in that it allowed the participation of private producers of electricity for the first time.
The law states the terms and conditions under which the private producers are allowed
to operate. The law was reformed in 1995 with the passing of law no. 7508 [Comisión
de Integración Energética Regional (CIER) 2013a, Geo Ingeniería Ingenieros Consul-
tores S.A. 2011] which adjusted some of the conditions regarding the auto- or parallel-
generation.
The law states that independent producers of electricity (IPPs) must not install plants
with a capacity surpassing 20 MW. Furthermore the total installed capacity on private
hands in the Costa Rican electricity sector must not be greater than 30%.
If the private actors are to install a power plant under the Build-Operate-Transfer scheme
(BOT) the plants are allowed a maximum capacity of 50 MW.[Comisión de Integración
Energética Regional (CIER) 2013a] The private electricity producer then signs an agree-
ment with the ICE for the purchase of the produced electricity, based on tari↵s calcu-
lated by the ARESEP. [Geo Ingeniería Ingenieros Consultores S.A. 2011]. These instal-
lations also count towards the maximum of 30% privately owned installed capacity in
the electricity sector. Furthermore all private installations must have at least 30% Costa
Rica ownership, limiting a foreign ownership of the electricity producing capacity in
the country. [Geo Ingeniería Ingenieros Consultores S.A. 2011]
A very important thing to note about the energy legislation in general is that Costa Rica
does not have a specific law on the use of renewable energy as such. It is my assessment
that because of the de facto monopoly of ICE, the country has not deemed it important
to regulate the few private actors in the electricity sector, explicitly. Worth to note is
also that Costa Rica does not have any direct subsidies in the form of, for instance,
feed-in tari↵s for electricity generated via renewable energy sources. The only kind
of support renewable energy technologies receive from the state, is tax exemptions on
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certain technologies, related to smaller individual auto-generators. These tax rebates
are stated by the law no. 7447 (outlined below). The equipment that is subject to a
rebate in import taxes is for instance solar panels (photovoltaic) of any capacity, and
the equipment to connect them to households. Although this support is given to solar
panels of any capacity, the rest of the equipment listed in the law text implies that it
is e↵ectively smaller installations that the exemptions from import tax is thought for. I
base this assumption on the fact that it explicitly states that the equipment to connect the
panels to a circuit, has the limit that it only counts if the equipment is used to connect
with direct current.[Geo Ingeniería Ingenieros Consultores S.A. 2011] This is often a
solution seen for lighting in individual houses, not for feeding generated electricity in
larger quantities to the grid.
3.3.3 Law no. 7447
The law on rational use of energy (Law no. 7447, passed in 1994 [Comisión de In-
tegración Energética Regional (CIER) 2013b]) states that any private company with a
consumption of more than 240 MWh per year (or 360.000 liters of fuel in the form of
oil, diesel, gasoline or other) is subject to a mandatory program for the increase of ra-
tional use of energy. [Asemblea Legislativa 1994a] Apart from the program mentioned,
the law also proposes mechanisms with the purpose of improve the energy e ciency.
The law does not state explicitly how such mechanisms should work, but places the
responsibility of the creation of the program and the mechanisms to ensure an increase
in the energy e ciency, with the Ministry of Environment, Energy and Telecommuni-
cations (MINAET), the National Light and Power Company (CNFL), the Costa Rican
Institute of Electricity (ICE), the Public Services Company of Heredia (ESPH) and the
Administrative Council of Electricity Services of Cartago (JASEC).
The energy legislation in Costa Rica is characterized by the structure of the electricity
sector, with ICE as a de facto state monopoly and the strong influence it has had on the
electricity sector that such a large hydropower potential exists in the country. It is worth
paying attention to the fact that private companies are allowed a limited access to the
electricity sector as producers. The role of this will be further elaborated in chapter 5
and the possibilities for a further opening of the electricity sector for private companies
will be discussed.
It is also important to note that Law no. 7447 on the rational use of energy was passed
as a law in 1994, yet the overall energy e ciency of the country is not very impressive.
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3.4 Proposed structural changes of the electricity sector
Although the purpose of this chapter is to provide an overview of the current basis state
of the energy system, specifically the electricity sector, I will in this section touch on
what some proposed structural changes of the electricity sector through proposals for
new legislation. I will also outline the current plan for the expansion of the electricity
generating capacity. This may sound like it fits in the ideal state better, but since it is
planned already I feel that it relates to the current state of the system.
3.4.1 Proposed energy bill
Although energy planning can mean a range of di↵erent things and happen on various
di↵erent administrative levels, the energy legislation is at the very core of a country’s
energy planning. In Costa Rica a new energy bill has been proposed (but not yet ratified
and adopted as a law) that puts forth suggestions to change the structure of the electric-
ity sector in a quite dramatic manner. [Asemblea Legislativa 2010]
The bill is called ’The General Law on Electricity’ (Proyecto de Ley General de Elec-
tricidad) and it has caused a great deal of debate because it proposes to privatize the
electricity sector, if not completely then at least a great deal more than it is the case
today.
The bill was first proposed in 2010 by, amongst others, the President of Costa Rica
Laura Chinchilla. [Espinoza 2013] The bill has so far not been ratified and as late as
in the summer of 2012 thousands of workers in the electricity sector protested against
the bill, mainly because of the suggestion to privatize the electricity sector, which many
fear will lead to a worsening of the electricity service and an increase in dependency on
fossil fuels.[TeleSur 2013]
As part of the process of getting the bill passed as a law, a commission was formed
with the job of investigating the impacts of the law. The commission consists of nine
members, one from each of the parties active at the time of the formation of the com-
mission (in November 2010). The bill is currently in the process of being analyzed and
discussed by the commission and has therefore not been up for vote in the Legislative
Assembly. [Geo Ingeniería Ingenieros Consultores S.A. 2011]
Another protest against the bill has been formulated by an organization called ’Sindicato
de Ingenieros y Profesionales del ICE, Racsa, Filial CNFL y Proyectos’ (Syndicate of
Engineers and Professionals from ICE, Racsa and Department of CNFL and Projects).
This group has published a lengthy analysis on the proposed bill and the impacts it
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would have, seeking to refute both that a need for such a bill is present and the positive
impacts that the bill has been claimed to bring.[Sindicato de Ingenieros y Profesionales
del ICE, Racsa, Filial CNFL y Proyectos 2011] It is therefore safe to say that the pro-
posed bill does not simply go smoothly through the process of being adopted as a law.
Initiatives towards privatizing the energy sector has previously been proposed - as far
back as in the mid 1980’s by the government of Óscar Arias, president at the time.
This proposal was however rejected. If the current proposal to change the legislation
is adopted as law it will of course have a very large impact on the electricity sector.
Below a figure describing the proposed structure of the electricity sector is presented.
Figure 14 below should be compared to figure 13 explaining the current structure of the
electricity sector and the role of the ICE.
National Market Regional Market
Electricity generation 
ICE
Independent 
electricity generation
Auctioned
Independent 
electricity generation
Free sale
Electricity buyer
Distribution
ICE
DistributionClientHigh voltage
Distribution
own generation
High voltage
client
Buyer 
High voltage
Buyer
Medium or low voltage
Client Client Client
Buys and sales
on the international
market
Proposed structure of the electricity sector
Functions of ICE
Figure 14: Graphical representation of the proposed model for the electricity sector in Costa
Rica, with respect to generation, distribution and import/export. Source: [Sindicato
de Ingenieros y Profesionales del ICE, Racsa, Filial CNFL y Proyectos 2011, p.62]
Authors own re-drawing and translation from Spanish to English.
The syndicate of engineers a liated with, amongst others, ICE argues in their analy-
sis of the proposed general electricity law contra the existing regulation and structure,
that the current model has certain important advantages. In their view, the fact that the
responsibility for covering the demand lies with one central buyer of electricity, which
furthermore also generates most of the electricity, signifies a higher quality of service
in the electricity sector. And that this structure also has the advantage of making central
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and coherent energy planning easier to achieve. [Sindicato de Ingenieros y Profesion-
ales del ICE, Racsa, Filial CNFL y Proyectos 2011] The main reason for anxiety about
changing the model and opening up for more private actors and to give these a more
free reign in the sector, is that the quality of the service will su↵er, specifically on the
aspect of prices that the end-consumer will have to pay for electricity. [Sindicato de
Ingenieros y Profesionales del ICE, Racsa, Filial CNFL y Proyectos 2011]
As can be seen in figure 14 the ICE will still play a central role as the nations largest
electricity producer, but the ICE will be much less present in all the levels of electricity
production (generation, transmission and distribution). The proposed bill will be further
discussed in the chapter ’Conversion of the system to the desired ideal state’ (chapter 5).
Although it is a valid point that a more privatized electricity sector will need proper
and appropriate regulation of the actors in order to avoid pitfalls like for instance the
abandonment of renewable energy sources for electricity, the analysis presented by the
SIICE fails to clearly point out precisely where the regulation is too lax. Furthermore
it can be argued that the current model and the regulation that defines it, should also
be scrutinized with the purpose of pinpointing in which direction the energy planning
for the electricity sector is headed. With regards to this I think it is very important to
take notice of the plans that the ICE has made for the future expansion of the electricity
generating capacity, which will be outlined below in section 3.5.2.
3.5 Critique of Costa Rica’s National Energy Plan
In this section I will discuss the energy plan formulated by the Ministry of Environment,
Energy and Telecommunications (MINAET), published in 2011. The plan is the o cial
energy plan for the country in the period from 2012 until 2030.
Generally I think that the Costa Rican energy planning has had a tendency of setting
goals without delivering the methods and concrete actions of how to actually fulfill
these goals. This is also my perception when reading the National Energy Plan 2012-
2030 [MINAET 2011]. I agree with many of the goals that are set in this energy plan,
but when it comes to how they are to be fulfilled and who are to fulfill them, the picture
is less than clear. This leaves the impression that the planning becomes more of a
declaration of intent and thus does not provide the means by which these intentions
should be realized in the future.
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A good example of this is the fact that the National Energy Plan mention and discuss the
trouble with Costa Rica’s strong dependency on precipitation, through the heavy use of
hydropower and the need to diversify the energy matrix. As accounted for previously, I
agree with this point of view.
But while at the same time identifying that more of the electricity generation should be
based on other energy technologies than hydropower, the National Energy Plan indi-
cates that the future expansion of the capacity to a total of 3126 MW should be done
according to the ICEs plan for expansion of the electricity capacity. [MINAET 2011]
In this plan the vast majority of the planned expansion of the capacity is based on more
hydropower, as previously mentioned. [ICE 2012] So while it is said in the National
Energy Plan that the electricity should be based on a larger percentage of technologies
other than hydropower, the plan continues to place the responsibility for the expansion
with the ICE, knowing that this will mean a unilateral approach focused around the use
of hydropower.
3.5.1 Overview of the content of the National Energy Plan
After describing the current energy situation in Costa Rica, a chapter describing the
necessary political initiatives is presented in the national energy situation the National
Energy Plan [MINAET 2011]. This part of the energy plan starts out with a brief de-
scription of some of the basic principles that the Costa Rican energy policies should
take into consideration and comply with. The principles listed are the following:
• Conservation of energy
• Sustainable development
• Universality [access to energy]
• Solidarity [prioritized access to energy services for marginalized groups of soci-
ety]
• E ciency
• Competitiveness
• Innovation
• Environmental, social and economic viability
• Public and private participation
Subsequently the following objective with the energy plan is defined:
”Secure the supply and use of energy in the quantity, quality and with the diver-
sity of sources compatibles with the sustainable development of the Costa Rican
society”
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The quoted objective stated in the energy plan is of course di cult to label as a bad idea
or argue against, especially because of the generality of it. And as mentioned I agree
with these general points regarding the future development of energy in Costa Rica.
The important issue is of course whether the proposed actions and policies carry the
needed clout to ensure that the objective is met in the future.
In my opinion, the latter is unfortunately not the case. I think think the energy plan lacks
specific and concrete actions and policy changes to support at least one crucial element
in the statement above - namely the wish to secure diversity of sources compatible with
sustainable development, whilst at the same time being able to secure the quantity and
quality of energy, specifically electricity, to the Costa Rican people.
In the National Energy Plan the measures to ensure that the goal, mentioned above, is
fulfilled are presented in a table. This table contains four columns describing the action,
the goal, the activities to take place and the responsible party.
In the following I will list and discuss some of these actions and their corresponding
goals, activities and responsible parties, that I find questionable in one way or another,
just as the example with the expansion of the grid, mentioned above.
Increase the participation of private actors in the electricity sector. The goal regard-
ing the activity of increasing the participation of private actors, is to achieve that the
allowed 30% of the capacity is owned by private companies. According to the National
Energy Plan, this is to be achieved by promoting the participation of the private actors
in the development of projects regarding generation of electricity.
In my opinion the proposed way of securing that the goal will be fulfilled is meaningless,
since no concrete increase in the incentives for the private actors to get involved, is
made. If the goal was followed by proposals of changing the regulation of the sector
specifically to target more involvement from the private actors, then it would make more
sense to have it as part of the energy plan.
Increase incentives for development of private small-scale capacity utilizing renew-
able energy. As the previous goal, this also makes sense when compared to the energy
situation currently in Costa Rica. The proposed way of reaching the goal is to develop
two pilot projects. Pilot projects can be very e↵ective in spreading knowledge about the
possibilities, especially when trying to gain the attention from project stakeholders that
may be not know of the possibilities. But in the energy plan it is not stated who should
be responsible for developing these two pilot projects, nor is it explained how these
should be used to promote the option of small-scale renewable energy projects. For
the responsible party it is simply stated that ”Institutions and companies in the energy
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sector” are responsible for these pilot projects.
Promote non-conventional renewable energy sources. In the plan one of the goals
stated is that by 2014 a plan for the non-conventional renewable energy sources should
be in place and as the means of fulfilling the goal this plan should be executed. For this
the ICE, ARESEP and ”institutions and companies of the energy sector” should be re-
sponsible. Given that the National Energy Plan previously has mentioned the problems
that arise in the dry season because of the heavy dependency on hydropower, it seems
like this promotion of non-conventional renewables and the plan for how to implement
them, should have been a part of the National Energy Plan. Instead a plan to make a
plan, is announced in the plan.
Strengthen the systemic and integral planning of the energy sector. According to the
National Energy Plan this goal is to be fulfilled by having three meetings per year in the
Energy sector. [MINAET 2011] It is first of all unclear who should be included in these
meetings and who should be hosting them. Both the Ministry of Environment, Energy
and Telecommunications and the DSE are mentioned as responsible for the meetings.
It is furthermore not clear what the agenda of these meeting is supposed to be. In my
opinion it does not sound like a bad idea to have meetings like the ones indicated here,
but if they where to fulfill a goal as lofty as the strengthening of the systemic, integral
planning, one would expect the details of these meetings to be very well-defined. These
details however, remains to be seen.
All in all I think that the National Energy Plan is in some ways an indication that an
awareness on the problematic issues regarding the electricity sector, is present in Costa
Rica. But that this awareness lacks a foundation of actions to go with it.
The plan fails to be su ciently specific and bold in explaining the responsibilities of
the relevant institutions, ministries, organizations and companies. The plan should fur-
thermore, in my opinion, include a more specific description of what policy changes are
needed. Given that the MINAET is the author of the plan, a clearer picture of where the
currently legislation is ine cient in achieving the defined goals for the energy system is
needed. This also entails looking at how the economic incentives could be strengthened
to encourage more participation from private companies in the electricity sector.
3.5.2 ICEs planned expansion of the electricity producing capacity
In March of 2012 ICE published its’ latest plan for the expansion of the electricity
production. The table 15 below refers the planned future projects for construction of
new power plants and reconditioning of existing ones, complete with the type of energy
technology and capacity.
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Year% Demand% Supply%
%%
Energy%
(GWh)%
%%
increase%
Potential%
MW%
%%
increase%
Month% Project% Source%
Potential%
MW%
Capacity%
installed%
(MW)%
%% %% %% %% %% %% Capacity%installed%December%2011:% 2590%
1" Colima" Thermal" -14,0" 2576"
5" Cubujuquí" Hydro" 22,0" 2598"
5" Valle"Central" Wind" 15,0" 2613"
6" Moín" Thermal" -19,5" 2594"
12" CATSA" Biomass" 8,0" 2602"
12" Cutris" Biomass" 3,0" 2605"
12" El"Palmar" Biomass" 5,0" 2610"
2012% 10087"
""
1649"
"" 12" Tacares" Hydro" 7,0" 2617"
2" Toro"3" Hydro" 49,7" 2666"
6" Anonos" Hydro" 3,6" 2670"2013% 10605" 4,90%" 1732" 4,80%"
9" Balsa"Inferior" Hydro" 37,5" 2707"
5" Río"Macho" Hydro" -120,0" 2587"
5" Río"Macho"Ampl" Hydro" 140,0" 2727"
6" Chucás" Hydro" 50,0" 2777"
6" Cachí" Hydro" -105,0" 2672"
9" Cachí"2" Hydro" 158,4" 2831"
2014% 11151" 4,90%" 1820" 4,80%"
10" Moín"2" Thermal" -130,5" 2700"
1" Capulín" Hydro" 48,7" 2749"
1" Torito" Hydro" 50,0" 2799"
1" CC"Moín"1" Thermal" 93,0" 2892"
1" CC"Moín"2" Thermal" 93,0" 2985"
2015% 11730" 4,90%" 1913" 4,90%"
1" Chiripa" Wind" 50,0" 3035"
1"
Reventazón"
Minicentral" Hydro" 13,5" 3048"2016% 12345" 5,10%" 2016" 5,10%"
1" Reventazón" Hydro" 292,0" 3340"
2017% 12998" 5,00%" 2120" 4,90%" 1" "" "" "" ""
2018% 13692" 5,10%" 2233" 5,10%" 1" Geotérmico"Proyecto"1" Geothermal" 35,0" 3375"
1" Diquís" Hydro" 623,0" 3998"
1" Diquís"Minicentral" Hydro" 27,0" 4025"2019% 14430" 5,10%" 2357" 5,30%"
1" Geotérmico"Proyecto"2" Geothermal" 35,0" 4060"
1" Hidro"Proyecto"1" Hydro" 50,0" 4110"
1" Eólico"Proyecto"2" Wind" 50,0" 4160"
1" Eólico"Proyecto"3" Wind" 50,0" 4210"
1" Geotérmico"Proyecto"3" Geothermal" 35,0" 4245"
2020% 15212" 5,10%" 2481" 5%"
1" RC-500" Hydro" 58,4" 4304"
2021% 15943" 4,60%" 2600" 4,60%" "" "" "" "" 4304"
2022% 16646" 4,20%" 2719" 4,40%" "" "" "" "" 4304"
2023% 17381" 4,20%" 2838" 4,20%" "" "" "" "" 4304"
2024% 18148" 4,20%" 2962" 4,20%" "" "" "" "" 4304"
Figure 15: Data on planned projects for expanding the electricity producing capacity of Costa
Rica in the period of 2012-2024. The source of the data is the Expansion Plan by
the ICE. Recreated by the author. [ICE 2012]46
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Because ICE is by far the largest producer of electricity in Costa Rica, the projects men-
tioned in the table above can be seen as a strong indicator of the upcoming expansion
of the electricity production capacity of Costa Rica. What is interesting is that the, by
far, largest amount of the capacity that is to be installed in the period indicated is of
hydropower plants. [ICE 2012] In total over the period until 2024, 84% of the planned
expansion of the capacity is of hydropower plants, as seen in figure 16 below. The pie-
chart showing the expansion by the di↵erent types of technologies, takes into account
that several power plants are being phased out. [ICE 2012]
Figure 16: Chart of the amount of capacity for electricity production planned by the ICE, shown
by source. Source: ’Plan de Expansion’ ICE [ICE 2012], authors own calculations.
It is of course very positive that the expansion ICE has planned, almost exclusively is of
renewable energy plants. Over the whole period that the plan covers the total capacity
of thermal plants is only increased by 22 MW, because of the phase-out of three thermal
plants, while two new ones are to be constructed.
Regardless, it is clear that Costa Rica will continue to have a substantial dependency
on precipitation, with the inevitable di culties of covering the demand during the dry
season, [MINAET 2011] if the plan as it is presented, is carried out.
Regarding the expected increase in electricity demand it is very interesting to note that
the ICE continues to expect an increase in the electricity demand (both for the amount
of electricity and the capacity needed) by roughly 5% per year.[ICE 2012] Although the
expected economic growth is not presented alongside the projection of the increase in
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electricity demand in the table, it appears reasonable to conclude that the ICE does not
expect any significant increase in the overall energy e ciency in Costa Rica in the years
to come. I base this observation on the fact that the economic growth in the country has
averaged roughly 5% during the last 15 years. [The World Bank 2013]
3.6 Summary
In this chapter the basis state of the electricity sector was outlined. In this section of
the chapter a brief summary of some of the most important observations to keep will be
presented.
Increase in electricity demand and capacity: Costa Rica is experiencing a heavy
growth in the demand for electricity and thus an increase in demand for installed ca-
pacity to generate the electricity. The growth over the last 30 years shows that it the
consumption of electricity has followed an exponential growth. This gives the chal-
lenges of expanding the capacity for generating electricity a certain urgency.
Hydropower as the main power source Hydropower has always been the main source
of electricity - accounting for approximately 70% of the generated electricity in the
country in 2010. The very dominant role of hydropower in the electricity generating
capacity gives Costa Rica di culties during the dry season of four months from De-
cember until April. Thermal power plants utilizing fossil fuels are dispatched to meet
the demand during this period.
Role of the ICE Instituto Costarricense de Electricidad - ICE, is the de facto state
owned monopolist in the electricity sector. The company owned by the Costa Rican
state, is responsible for 72% of the total net generation of electricity in the country and
a owns a total of 74% of the total installed capacity. In total the public companies own
85% of the total installed capacity. The ICE is furthermore involved in all three links
of the electricity sector: generation, transmission and distribution. And the company
acts as the sole buyer of electricity from all generating companies, from which point it
distributes the electricity to the end-consumers.
Less-than perfect energy e ciency Although Costa Rica has had a law on the rational
use of energy since 1994, the country’s energy e ciency, when comparing its’ use
of electricity to the economic growth, is not impressive. The growth rate of electricity
demand and the economy has been at approximately the same level, on average, through
the last 15 years. And in the ICEs plan for the expansion of the electricity grid up until
the year 2024, an expected annual growth rate of circa 5% is projected, which puts it on
par with the economic growth average of the last 15 years.
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No subsidies for renewable energy in Costa Rica The Costa Rican state o↵ers no
direct subsidies in the form of, for instance, feed-in tari↵s, for renewable energy. Fur-
thermore the law on auto-generation for the electricity grid, allows for no more than
30% of the total installed capacity to stem from private companies.
Plans for more hydropower The ICE plans to expand the grid in the near future with
a large amount of hydropower, thus not addressing the di culties during the dryer
months, that this will cause. In total 84% of the planned expansion of the electricity
grid is hydropower. Wind and biomass energy will account for 9% and 1% respectively.
In this chapter I have accounted for the current conditions surrounding the electricity
sector in Costa Rica, with the purpose of providing an understanding of the the status
quo of energy in Costa Rica, for the reader. In the following chapter the ideal state for
the electricity sector will be discussed and defined. This will constitute the first step in
the backcasting process, as presented in the methodology (chapter 2).
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Ideal State
In this chapter the first step of the backcasting process will be addressed. The purpose
of the present chapter is to define the ideal state for the electricity sector, according to
the principles of the backcasting concept. The aim with this chapter is that the reader
will have a clear understanding of how the future electricity sector in Costa Rica should
look like at the end of the energy planning process. The outcome of this definition of
the ideal state will be in the form of requirements for the conversion of the electricity
sector from the state that it is currently in. In the end of this chapter the conclusions as
to how the electricity sector should be in the ideal state will be summarized in a list.
The present chapter will answer the following working question:
What requirements to the choice of renewable energy sources exist, in order to
continue the green transition of the Costa Rican electricity sector, while ensuring
that the system achieves a high level of security of supply with a minimal depen-
dency on fossil fuels and import of energy?
In the following the strategic goals for the ideal state are defined, according to the
aggregated model of backcasting, presented in the methodology chapter (2).
4.1 Setting goals for the future state of the electricity sector
in Costa Rica
As it has been explained in the methodology chapter (chapter 2) this part of the back-
casting process has the purpose of setting goals for and defining how the future electric-
ity sector in Costa Rica should be characterized. To formulate such a desired future state
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it is imperative to define certain aspects in general and discuss these and other implicat-
ing facts specifically in a Costa Rican context. This chapter will therefore contain both
parts where general definitions and discussions are carried out and parts that related
more closely to the Costa Rican energy system. The latter will draw on the previous
chapter where the situation of the energy system, specifically the electricity sector, has
been clarified.
From the previous chapter describing the current status of the energy situation in Costa
Rica it is clear that while Costa Rica has a great amount of renewable energy as the basis
for electricity generation in the country, the growing electricity demand necessitate an
expansion of the electricity generating capacity.
From the characteristics of the national energy plan, formulated by the MINAET [MI-
NAET 2011], I draw the conclusion that it is the goal for Costa Rica to both heighten its’
energy security and do so using renewable energy sources. In other words, the country
strives to build a more stable energy system in general and specifically to strengthen
the stability of the electricity sector. The question therefore remains of how to expand
the electricity generating capacity while enhancing the stability of the electricity sector.
This leads me to discuss the following.
4.2 A stable energy system
As described in the problem area, the ambitions to make a transition to a green economy,
free from the use of fossil fuels, does not only stem from the wish to mitigate climate
change, but is also very much connected to the country’s desire to have a high level of
energy security, with a low dependency on import of energy from other nations.
A crucial point in securing a high level of energy security is that the energy system is
of a stable character. In this section the term stable energy system will be discussed,
especially with the focus on the requirements for a stable electricity sector. The specific
challenges that Costa Rica face with regards to the stability of the country’s electricity
sector will be brought into the discussion of the di↵erent aspects of a stable electricity
sector.
4.2.1 Covering demand
Even though many factors are in play in order to obtain a stable energy system, one
of the main issues is a stable electricity production. And for that the main issue is the
ability to cover the demand. According to a report on Costa Ricas competitiveness pub-
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lished by the World Bank, the ability to cover the demand for electricity has actually
decreased in Costa Rica during the last decade. [The World Bank 2009] According to
the report the reserve margin of capacity decreased from 16% to 10% from 2001 till
2003 due to lack of investments and at the same time growing electricity demand. Such
a rapid decrease is of course very severe and the maintenance of a healthy reserve mar-
gin of demand should be a top priority in the ideal state of the electricity sector. In
the following the di↵erent characteristics of the demand will be outlined to provide the
reader with an understanding of the necessary way of perceiving the demand and how
to respond to the challenges of covering it.
4.2.1.1 Characteristics of electricity demand
The electricity demand in a given system or grid can be split into three parts; the
base load, the intermediate load and the peak load, illustrated in figure 17 showing a
schematic graphical representation of the demand throughout a 24-hour period.
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Figure 17: Schematical representation of the typical demand throughout a day. Source: Authors
own illustration.
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The base load is the part of the demand that is always present, illustrated by the red
dotted line. This part of the demand originates for instance from appliances such as
refrigerators in households and a number of appliances and processes used continuously
in the industry. This consumption, and thus the demand it represents, can be considered
constant and without many fluctuations up or down throughout the day, month and year.
The intermediate load appears with more variations throughout the day (and the year),
illustrated in figure 17 by the green dotted line. This demand follows a more or less
predictable pattern each day, with peaks in the morning, midday and evening times, and
an increase in the demand throughout the day up until the evening. This demand has
more fluctuations up and down.
The peak load is the least predictable of the three parts of the demand, which demands
the quickest adjustment of the electricity fed into the grid in order to balance the supply
and demand.
Although these di↵erent types of load on the electricity grid represent a varying degree
of unpredictability, with the peak loads being the most unpredictable, the demand does
still follow the same pattern more or less. We use more electricity during the day, than
night - we draw more power from the grid when we come home from work and start
cooking, thus creating a peak in demand in the early hours of the evening, and so forth.
But to balance the grid so that the supply matches the demand can not only be done by
following such patterns, as continuous variations in the exact amount of power drawn
from the grid and a need for adjusting the electricity production thereby exists. [Blok
2007]
4.2.1.2 Di↵erent technologies for di↵erent types of demand
Historically the di↵erence in the nature of the three part of the electricity demand has
meant that electricity producers utilized di↵erent energy technologies to cover di↵erent
parts of the demand, based upon the characteristics of the di↵erent energy technologies.
The idea being that where the base load can be covered with technologies that have a
slow response time, meaning that it takes longer to adjust the power output up or down
for such a technology, the peak load calls for almost instantaneous responses in adjust-
ment of more or less output. The intermediate load is of course in between these two
outer poles.
For an electricity grid where the generation of electricity is based upon fossil fuels, the
traditional way of covering the total demand is to use energy technologies with a slower
response time, such as for instance nuclear power or larger coal fired plants, to cover
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the base load. Technologies with a quicker response time are then used for covering the
intermediate and peak load. Electricity generation from natural gas fired turbines usu-
ally have the quickest response time and is therefore very good at balancing the supply
to the demand, adjusting to the rapidly changing peaks. [Blok 2007]
But for electricity grids with a large amount of renewable energy sources as the basis
for the electricity generation, the balancing of the grid takes place in a di↵erent way.
The reason for this is that some of the renewable energy technologies have a fluctuating
output of power and thus it becomes di cult to predict when they will be producing
electricity. This in turn makes the choice of which technologies to cover the di↵erent
parts of the demand a bit di↵erent. Instead of having power plants with slower re-
sponse times cover the base load, the fluctuating renewable energy sources are allowed
to feed the electricity generated into the grid, whenever they happen to generate electric-
ity. The electricity generated from fluctuating renewable sources are simply prioritized
higher and allowed to enter the grid whenever producing. This of course means that
in order to balance the grid and secure the right amount of electricity to cover demand
at all times, there is a need for non-fluctuating electricity production with a response
time that can match the fluctuations of the fluctuating renewable energy sources. These
non-fluctuating electricity plants can be both conventional or renewable. Usually gas
turbines running on either natural gas or biogas are well suited for this role.
In other words; when for instance, wind turbines, produce electricity this technology is
prioritized over other non-fluctuating technologies. In comparison with the traditional
way of balancing the grid, it can be viewed as wind turbines covering the base load of
the demand, whenever the turbines are producing electricity.
All in all it can be argued that for an electricity grid where the majority of the pro-
duced electricity stems from renewable sources (both fluctuating and non-fluctuating)
it is necessary to look at how to balance the supply with demand, in a di↵erent manner
than the conventional distinguishing between base-, intermediate- and peak load tech-
nologies. This is a very important aspect in securing a stable energy system with a high
percentage of renewable energy, such as it is the case in Costa Rica.
The key aspect in the e↵orts towards balancing the grid and covering the demand of
electricity at all times is flexibility. The level of flexibility for the incorporation of
the right technologies at that right time, in the electricity generation has, as indicated
above, a great deal to do with the individual characteristics of the technologies utilized.
In the following section the question of which technologies to choose as the basis for
the electricity generation in a system where the lion’s share is renewable energy, will be
elaborated.
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4.2.2 Choice of technology
As explained briefly above, the di↵erent energy technologies each have di↵erent char-
acteristics that determines how they function within the electricity grid. Some technolo-
gies are very flexible in terms of adjusting when and how much electricity they produce
and some have a slower response time. Furthermore some renewable energy technolo-
gies have a fluctuating production of electricity.
When choosing which renewable technologies the electricity generation should be based
upon it is very important to look at the individual characteristics of the energy technolo-
gies so that the di↵erent technologies will match each other.
The response time for a technology and whether or not the technology is fluctuating
are the two main things to keep in mind when combining various di↵erent technologies
to obtain the best coverage of demand. Since the continued expansion of the amount
of renewable energy in the electricity sector is one of the most central points for Costa
Rica [MINAET 2011], the following will concentrate on how di↵erent renewable tech-
nologies should be assessed and ultimately combined. As described in chapter 3 the
main problem for the electricity production in Costa Rica today, is that the system relies
very heavily on su cient levels of precipitation to run the hydropower plants. When de-
signing the future electricity sector of Costa Rica, it is therefore important to lower this
dependency on precipitation without succumbing to fossil fuels as the solution. This is
a very central point in the quest for a stable electricity sector based on renewable energy
in Costa Rica.
When looking at the renewable energy technologies available today, they can roughly
be split in two groups - those that have the option of regulating the electricity production
at all times and those that have a fluctuating electricity production, as presented in the
table below.
Fluctuating Non-fluctuating
Wind Hydropower
Sol Biomass
Hydropower is labelled a non-fluctuating renewable in the table above, but as stated it
can be subject to a seasonal variation of the possible output, as it is the case in Costa
Rica.
7
7In table 4.2.2 biomass can mean both gas turbines powered by biogas (typically produced from ma-
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As explained in the previous section of this chapter, the non-fluctuating renewable en-
ergies are necessary8 in order to balance the grid, because of the need to exploit the
electricity produced from the fluctuating sources, when it is present.
In the case of Costa Rica it is clear that the amount of hydropower constitutes a chal-
lenge, because there is not enough water in rivers and reservoirs to produce electricity
at full capacity from the hydropower plants throughout the year. Costa Rica therefore
needs a higher degree of diversification of the renewable technologies implemented in
the country’s electricity sector.
According to table 4.2.2 this means either incorporating biomass or hydropower. But
since the high dependency on the levels of precipitation is one of the main points of
concern in Costa Rica [MINAET 2011], this e↵ectively means that an increase in the
amount of biomass is very much needed.
To decrease the unstable electricity production the country is experiencing during the
drier months of the year, it is of course necessary to increase the capacity of all types
of renewable energy other than hydropower. The argument for a strong increase of
biomass energy should therefore not be viewed as a statement that it is only this type
of renewable energy that is needed, but merely that it is important that the capacity of
biomass energy is increased to be able to continue balancing the grid out e ciently. In
general what Costa Rica is seeking is a higher degree of flexibility when it comes to
the electricity generation. The lesson learned from having such a high percentage of the
capacity in the grid based on hydropower should be that it is not wise to only rely on one
type of technology for the electricity generation. But given the stage of development
and maturity of the various di↵erent renewable energy technologies it seems that the
two main types of technologies should be wind and biomass power. The term biomass
power is chosen here, where it encompasses several di↵erent types of electricity gener-
ation based upon biomass. The term biomass thus includes both electricity generation
from combustion of solid biomass from the agricultural industry, biogas and the use of
waste as fuel for electricity production.
One of the most central points that speak in the favor of diversifying the energy ma-
trix with wind and biomass energy, is the fact that these technologies will have a more
nure) and steam turbines powered by combustion of solid biomass, such as for instance wood or wood
pellets.
8Either renewable non-fluctuating electricity production or conventional non-fluctuating electricity
production is needed, but since the object is to obtain the largest possible amount of renewable energy in
the Costa Rican electricity sector, the conventional, fossil fuel based, technologies are not considered in
the rest as a part of the solution.
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steady production of electricity throughout the year, than it is the case with hydropower
in Costa Rica. [MINAET 2011] Even though wind energy is a fluctuating energy source,
the output from wind turbines do not vary through the year, in such a drastic manner as
hydropower.
The matter of choosing which technologies to prioritize for the future expansion of the
electricity capacity should include the considerations outlined above.
4.2.3 Centralized vs. distributed electricity production
In many parts of the world there has recently been a tendency of moving towards a
more distributed electricity production as opposed to the more conventional, central-
ized production. This is especially the case for renewable energy technologies simply
because many of these technologies are of a smaller individual capacity. Where a coal
fired thermal plant can be of a capacity measured in gigawatts, wind turbines, biomass
plants and solar power is generally individual installations of a much smaller capacity.
Although some of these technologies can be installed in bulk volume, for instance in
the form of a wind farm and thus mimics the larger conventional installations of for
example coal fired power plants, the electricity production is still seen as being more
distributed than earlier. Historically many countries opted for large installations of coal
fired power plants or large nuclear power plants. [Pepermans et al. 2005]
Generally the larger, more centralized manner of electricity production, for instance in
large coal fired plants, mix very poorly with smaller, more distributed electricity pro-
duction, especially that of renewable energy sources. The reason for this has to do with
the response times and the fluctuating nature for some of the renewables, as described
previously. If the lion’s share of the base load is covered by large coal fired plants or
nuclear power with slow response times, it makes it very di cult to follow the normal
concept that the fluctuating renewable energy should be used when ever present, be-
cause of the inability to quickly lessen the power output of the larger centralized plants
to allow the ’space’ for the fluctuating renewable energy. In this example the electricity
grid is imagined to be of an island type, meaning that no connection to another grid is
possible. This rules out the option of import/export of electricity to balance the grid.
The most significant non-fluctuating renewable energy source that actually can con-
tribute in a completely centralized electricity sector is the large hydropower plant of
the reservoir type which is capable of both a massive electricity production while at the
same time being able to adjust the power output in a similar way as that of a coal power
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plant. [Pepermans et al. 2005]
If a large amount of the capacity is based on large hydropower plants, as it is the case
in Costa Rica, this means that the electricity generation will be centralized and thus
make it di cult to incorporate fluctuating renewable energy such as wind power, into
the electricity production.
When keeping in mind these challenges of mixing di↵erent renewable energy technolo-
gies to fit well together, it quickly becomes apparent that a need for a fairly decentral-
ized electricity production arises. This is furthermore important to keep in mind if the
country in question is well suited to implement a lot of hydropower such as Costa Rica,
because of the inherent danger of constructing a very centralized electricity produc-
tion since this is possible, as explained above. As explained in 4.2.2 Costa Rica needs
to base its’ future electricity production on a wide range of renewable energy sources
and turn away from the very unilateral approach that is currently in place. Since the
types of renewables Costa Rica needs to implement all are technologies that works best
within a system of distributed generation it is important that the country steers away
from the path of continuing to construct large hydropower plants that further centralizes
the electricity production.
Another reason why a distributed energy system is beneficial when trying to implement
more renewable energy is the fact that renewable energy technologies typically have
a shorter construction lead time compared to more conventional, and larger individual
installations such as for instance coal power plants. [Pepermans et al. 2005] Since re-
newable energy technologies, with the exception of large hydropower plants, have a
more decentralized nature, the choice to have a more decentralized electricity sector
could further strengthen the incentives for renewable energy. [Pepermans et al. 2005]
Regarding this it is often a good idea to allow for smaller producers of electricity to
enter the market as well. This typically means to allow for auto generation in the reg-
ulation of the energy sector. Although this can lead to a faster expansion of the use of
renewable energy it is of course important that the energy planning takes into account
that a wider ranger of actors are going to contribute to the installation of electricity gen-
erating technologies. In the next chapter the model for energy planning of the future
energy system, specifically the electricity sector will be presented, hereunder also the
aspect of auto generators and smaller electricity suppliers.
4.2.4 Improved energy e ciency
A high level of energy e ciency is vital in the process of making an energy system
greener. The question of how to increase the energy e ciency is very complicated
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since the challenges related to energy e ciency lies in many di↵erent aspects of the
energy system. And the nature of the obstacles needed to be overcome varies a great
deal. From both technical issues to behavioral changes, the subject of energy e ciency
is vast and complicated.
There is however no doubt that Costa Rica needs to improve its energy e ciency in
many di↵erent areas. As it is mentioned in the previous chapter, the growth in energy
demand follows or even surpasses the economic growth of the country. A strong need
to decouple the growth in energy demand from the economic growth exists.
One of the reasons for the need to improve the overall energy e ciency in the country is
the fact that it would alleviate the pressure to expand the electricity generating capacity.
This in turn will buy Costa Rica some time to further diversify its’ energy matrix with
other types of renewables than hydropower.
It is very interesting to note that the ICE does not seem to expect any level of improved
energy e ciency in the years to come, since the institutes own plan for the expansion
of the installed capacity clearly states an expected growth in electricity demand and
demand for generating capacity by approximately 5% each year until 2024.[ICE 2012]
The fact that Costa Rica has succeeded in accomplishing a very high level of electrifica-
tion of the rural areas of the country, compared to other Latin American countries, fur-
ther strengthens the point that the ICEs plan for expansion does not project an increase
in energy e ciency. The electrification is currently around 99% [MINAET 2011] and
thus it cannot be expected that the the continued large increase in the years to come, as
projected by the ICE, is due to new electricity consumers.
As mentioned the topic of improving energy e ciency is vast and covers both behav-
ioral changes of private customers and technical development both on the supply and the
demand side. In the case of the behavioral changes the incentives for the needed change
in behavior is almost exclusively linked to economic incentives for the end-consumer.
In other words - there has to be an economic benefit on the bottom line for the consumer,
whether it is the industry or private households that is the end-consumer. This is not to
say that it necessarily means that the consumer has a to make a choice between enjoy-
ing the electric service or save an amount of money. The behavioral change can also be
related to changing the view of the consumer towards an unnecessary consumption of
energy, such as for instance lighting where it is not necessary.
But apart from leaving the decision to save energy and use it more e ciently according
to the economic incentives for doing so, the possibility of regulation of for example
equipment to meet certain standards is also available. This is a direct manner of influ-
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encing either household customers or the industry to invest in better equipment from
the side of the state.
The advantage of turning to initiatives to increase the energy e ciency to mitigate cli-
mate change is that the investment in more e cient equipment will be equalized over
time through the decreased expenses for energy, that is realized through the savings.
In the diagram below (figure 18) the marginal costs of abatement of GHG emissions is
shown.
Figure 18: Figure showing marginal abatement costs for di↵erent possible options for climate
mitigation. Source: [Schi↵er 2008]
As it can be seen in the diagram, all, but two of the initiatives with a negative abatement
cost (below the x-axis) has to do with increasing the e ciency of energy use in some
form or another. Since the marginal cost of abatement through energy e ciency is,
over time, negative, this will constitute an income after the initial investment has been
paid o↵ by the savings from energy expenses. [Schi↵er 2008] The probable increase in
energy prices only strengthens the incentives to invest in equipment to improve energy
e ciency, as the potential savings increase with the prices.
As stated in chapter 3 the growth in energy consumption (and thus the energy demand)
has been approximately equal with the economic growth of the country, during the last
couple of decades. This shows that a potential for improvement within the area of en-
ergy e ciency is present. It seems, however, that the law on rational use of energy in
Costa Rica, does not perform very well, at least within the area of electricity consump-
tion. There has been no decrease in the growth of electricity demand, nor does the ICE
project a decrease in the demand in the years to come, in their plan for the expansion of
the electricity generation capacity. [ICE 2012] It can therefore be argued that the regu-
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lation must be evaluated to look at how it could be improved so that the incentives for
improving the energy e ciency are strengthened. In my opinion the regulation should
seek to both improve the energy e ciency in the household sector and in the industry
sector. Obviously an increase in the e ciency within the electricity sector itself should
also be the focus of the regulation.
4.3 Overview of elements of the ideal state
In this chapter several elements that will contribute to in improvement of the security of
supply of electricity in Costa Rica, has been presented. This is, however not a compre-
hensive collection of initiatives to be taken in order to secure a higher level of energy
security in Costa Rica in general. The matter of energy security not concerning the
functions of the electricity has not been addressed, as this is outside the scope of this
thesis, as explained in the demarcations section of the methodology chapter. Bearing
in mind these demarcations and the problem area of this thesis, outlined clearly in the
problem statement, the elements mentioned in this chapter relates to how the electric-
ity supply in Costa Rica could enjoy a decreased dependency on precipitation and thus
constitutes an increase in the security of supply of electricity.
To provide an overview and summary of the contents of this chapter and thus the ideal
state for the electricity sector as I see it, I have gathered these in the figure below.
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Highly stable electricity sector based on renewable energy
Stability = coverage of demand
High percentage of RE = new perception of demand
Certain types of RE technologies to cover demand
Wind & biomass energy 
in the case of Costa Rica
What does more wind & biomasse  mean
for the design of the electricity sector?
What else is needed? 
- Energy E!ciency!
IDEAL STATE
Figure 19: Schematic diagram of the elements of the ideal state of the electricity sector of Costa
Rica, shown in the order of argumentation.
The idea with figure 19 is to present an overview of the chain of argumentation for
which conditions need to be fulfilled to have a better functioning electricity sector in
Costa Rica than it is the case today.
In the following part of this chapter, the requisites for adaptations of the system will
be presented. The purpose of this part of the chapter is to analyze the possibilities
of fulfilling the goals set forth in the previous part of this chapter, shown in figure 19
above. The discussion on how to combine these two parts - the goals and the potentials
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for fulfilling the goal will be discussed in the following chapter "Conversion of the
system to the ideal state" (chapter 5).
4.4 Potential for renewable energy in Costa Rica
As a vital part of the backcasting process, as defined in the methodology chapter (chap-
ter 2) the feasibility of changes to the basis state in order to fulfill the conversion to the
ideal state, needs to be made.
In the context of this thesis and its problem area, bearing in mind the demarcations
made, this e↵ectively means an account of the potential for non-hydro renewables.
From the first part of present chapter this has been narrowed down to wind and biomass
energy. The potential for these technologies in Costa Rica will be accounted for in the
following.
When determining the potential for renewable energy it is important to note that the
potential (expressed in megawatts, MW) is based on the current e ciency of the tech-
nologies available. But since the timeframe for the transition proposed is very large it
is expected that the potential will increase in the future, due to technical advancements
that will yield more e cient technologies in the future.
According to a study carried out by MINAET (the Ministry of Environment, Energy and
Telecommunications) in 2010, a large potential for further expansion of the installed
capacity of each of the four large renewable energy sources in the country (hydropower,
geothermal, wind and biomass) exists.
The study (titled: ”Hacia un nuevo model energético para nuestro país” - ”Forward to
a new energy model for our country”, in English) states that only a total of 25% of the
full potential of installed capacity of renewable energy has been realized in Costa Rica
today.[de la Torre 2010] Of the four common types of renewable energy (hydropower,
geothermal, wind power and biomass) geothermal is the one where the largest per-
centage of the total potential has been installed (63,7%). In the table below the data
regarding the potential for renewable energy in Costa Rica is presented.
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Energy
source
Practically
available
potential
Installed ca-
pacity
Remaining
potential
Percentage
installed
capacity of
total
Hydropower 6.650 MW 1.533 MW 5.117 MW 23,0%
Geothermal 260 MW 166 MW 94 MW 63,7%
Wind power 270 MW 95 MW 175 MW 35,2%
Biomass 95 MW 24 MW 71 MW 24,9%
Total 7.275 MW 1.817 MW 5.458 MW 25,0%
The data in the table above clearly shows a big remaining potential for renewable energy
in Costa Rica. And from these numbers it seems that hydropower will continue to be the
dominant source of power in the country.[de la Torre 2010] Although it may be di cult
to diminish the role of hydropower as much as would probably be favorable and would
give a more stable supply of electricity during the dry season, it will be advised to try
and diversify the energy matrix. This means tapping into the potential for the other
types of renewable energy mentioned in the table above. In the following a discussion
of the potential for biomass and wind energy is presented, as these are the technologies
I have chosen to focus on, as described earlier in this chapter.
4.4.1 Potential for biomass energy
It seems that there is some uncertainty to the realizable potential for biomass in the
country. Some sources state the potential that is feasible to be realized is 95 MW, as
stated above in the table. [de la Torre 2010] But in the national energy plan, formu-
lated and published by the Minstry of Enviroment, Energy and Telecommunications
(MINAET), the potential is stated to be much larger - namely 635 MW.
In figure 20 below the potential for biomass shown by type is presented, as it is stated
in the national energy plan.[MINAET 2011].
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Figure 20: Potential for biomass energy in Costa Rica, by type of biomass. Source: The na-
tional energy plan [MINAET 2011]
A discrepancy between the data in figure 20 and in the figure below (figure 21) is clear
especially between the potential for biomass energy from pineapple residues. Whether
or not the actual potential for biomass energy from pineapple residue is one or the other
is not something that can be uncovered accurately by the author of this thesis. But in
my opinion it seems that since Costa Rica is a large producer of pineapple on a global
basis, a potential for utilizing the waste residue from this production should be possible.
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Figure 21: Potential for biomass energy in Costa Rica, by type of biomass. Source: [de la Torre
2010]
To confuse matters further, in the national energy plan that is the source of figure 20 it
states in the text that the combined potential of pineapple residue and sugarcane waste
(bagasse) amounts to more than 440 MW, but in figure 20 it is shown that these sources
of biomass does not in fact come close to amassing such a large potential.
Regardless of which of these figures have the highest degree of accuracy it will be
necessary with a comprehensive analysis on the potential for biomass. Such resource
mapping should in my opinion be one of the main pillars of the foundation for the
energy planning.
Furthermore the possible locations of biomass plants using the di↵erent types of biomass
should also be determined accurately to be able to plan for the expansion of this type
of energy technology in Costa Rica. This, along with the roles of the di↵erent actors in
the process of energy planning will be further elaborated in the subsequent chapter.
Even though it has not been possible for me to gather a unanimous answer to the poten-
tial of biomass energy in Costa Rica, it is clear that substantial potential is present.
While it is obvious that biomass does not seem to be feasible as the main future source
of electricity production, the point remains to diversify the mix of energy technologies
utilized to cover the electricity demand. And because of the characteristics of biomass
energy this is an energy source that I think should be prioritized very highly. The abil-
ity to utilize biomass power plants to balance the supply and demand in the grid is
highly valuable and the importance of this type of electricity production will of course
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be further increased during the dry months, when the hydropower plants will have a
diminished capacity for electricity generation.
4.4.2 Potential for wind energy
As indicated in the table above the potential for wind energy according to the MINAET
amounts to a total of 270 MW. It does however stand out that this potential seem to be
covering only land-based wind energy. The options of o↵-shore wind farms is never
mentioned in the report ”Forward to a new energy model for our country” [de la Torre
2010]. Furthermore a report from OLADE (Organización Latinoamericana de Energía
- Latinamerican Organization of Energy) does not either mention o↵-shore wind energy
as an option for Costa Rica, but confirms that roughly the same potential for land-
based wind power is present, as the 270 MW stated by the MINAET. [Organización
Latinoamericana de Energía 2011]
The fact that neither source mentions the option of o↵-shore wind power strikes me
as very odd. In my opinion this indicates that the mapping of this resource has not
been completely comprehensive. Although it may be that the option of o↵-shore wind
energy for some reason is not considered viable in Costa Rica, one should expect that
the corresponding argumentation for this, then would be presented.
Various reasons can of course be the explanation for the fact that o↵-shore wind is not
considered, but without an account for these one can only conclude that this potential
has not been thoroughly investigated. As previously mentioned the need for a thorough
and comprehensive mapping of resources is to be considered a vital part of an energy
planning process.
Another clue to the fact that the mapping of these resources have been less than perfect
is the fact that in ICEs plan for the expansion of the electricity capacity up until 2024 a
total of 165 MW is to be installed. This leaves a mere 10 MW of wind energy potential
to be installed for the entire potential in the country to have been exploited. When
looking at the plans that the three second-largest public electricity producers (CNFL,
ESPH and JASEC) have for the expansion of their part of the capacity an apparent
problem arises, because the total amount of planned expansion of wind power for these
three companies amount to 80 MW. Which means that for these plans to be realized, an
extra 70 MW of wind power potential must be found.
I find it hard to believe that the plans of these four companies will mean a race to get
there first, with the loser not being able to realize the last 70 MW of planned wind power
expansion.
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I therefore find it reasonable to conclude that a sizable potential for both wind power
and biomass is present in Costa Rica, but that the full potential has not yet been mapped.
Although it seems unrealistic that a potential for wind and biomass energy to make these
two technologies the dominant part of the electricity production, it will most definitely
be worth the e↵ort for Costa Rica of realizing as much of the potential for these two
types of renewable energy. This is of the utmost importance if the country is to success-
fully secure a more stable electricity supply throughout the year.
4.5 Summary
In this chapter the vital elements of the ideal state for the Costa Rican electricity sector
as I see it, have been presented. The contents of this chapter feeds into the next chapter
where how the realization of these elements are to be obtained.
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5
Conversion of the system to the
desired ideal state
In the previous chapter the character of an ideal state for the Costa Rican electricity
sector was addressed and goals where set for what elements should characterize the
electricity sector in the future. The main problem with the way the electricity sector is
today was determined to be the very high dependency on large hydropower plants. I
concluded in the last chapter that in order to expand the capacity on the basis of renew-
able energy sources, without increasing the problematic dependency on precipitation, it
is necessary to focus on the expansion of biomass and wind energy. While hydropower
will continue to be a large part of the electricity generating capacity, an ambitious e↵ort
towards expansion of other types of renewable is needed.
In this chapter a model for how the energy planning system should function will be
presented. Following the backcasting methodology, this part of the thesis will present
how Costa Rica can enable a conversion from the current state of its’ electricity sector
to a desired future state. The content that will be presented in this chapter will therefore
concern how the planning system should be structured to enable the desired changes. I
will therefore discuss the role, responsibilities, goals and objectives for di↵erent enti-
ties, institutions and actors relevant to the electricity sector.
These objectives are sought to be included in the following working question, that this
chapter will seek to answer.
What structural changes to the system responsible for the energy planning, are
needed in order to achieve the conditions described in the ideal state? And what
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are the key points, regarding the content of the energy planning, that are needed in
order to realize the conversion from the basis state to the ideal state?
In the following sections of this chapter I will explain vital aspects of how a good energy
planning is facilitated. In doing so I will touch upon how energy planning functions and
discuss vital requisites for a good planning process and ultimately a good energy plan,
as viewed within the Costa Rican context. Some sections will therefore be characterized
by being more general in their description and discussion and in others I will extrapolate
these general points to a focus on how good practice can be carried over to the Costa
Rican context. The ultimate goal of this chapter, and this thesis in general, is to point
out how such a plan e↵ectively can be obtained. In other words; capacity building for
energy planning.
5.1 Energy planning
In this section I will explain the functions of energy planning in general. This is done
to provide the reader with an understanding of what an energy plan is meant to do, be-
cause the subsequent sections of this chapter, will discuss how an e cient energy plan
for Costa Rica can be obtained. The purpose with such an energy plan is of course to
provide a plan for how the conversion of the Costa Rican electricity sector from the
current basis state to the desired ideal state, can be obtained. This first section will
therefore be characterized as being more general, where the subsequent sections will
have a focus on the specific Costa Rican context.
Energy planning can in broad terms be described as identifying the barriers for a certain
desired development of the energy system and then trying to formulate di↵erent steps
and actions that can be taken to overcome these barriers. To establish what the barriers
are, a thorough analysis of the current energy system is necessary, in the case of this
thesis this is focused around the electricity sector.
The actual energy plan is the planning for how to reach the goal of transforming the sys-
tem to the desired state. This process involves many di↵erent actions on many di↵erent
levels. Energy planning can thus encompass both changes to the regulation scheme, i.e.
the energy legislation, create mechanisms or organs to facilitate a certain development
and of course mapping of resources and formulation of plans for which types of elec-
tricity plants should be implemented and where.
In this project the planning reaches into the regulation of the energy system and the
electricity sector, where the current regulation is scrutinized and compared to the goal
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that is set to be achieved. Regarding policy instruments (and thus adjustment of the
regulation) there are generally three possible ways of influencing actors in the energy
sector to choose the desired solutions, namely; communication mechanisms, economic
mechanisms and normative mechanisms. [Blok 2007] In the present chapter I will in-
troduce actions that relate to all three of these.
In figure 22 below is a diagram showing a generic graphical representation of how an
energy plan functions. The diagram does not show how an energy plan is formulated,
but rather what an energy plan expresses and by which means the objective of the energy
plan is sought to be realized.
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Supposed outcome of energy plan
The needed technical solutions to 
realize the desired future develop-
ment of the energy system, hereby 
having overcome the technical, 
!nancial and political barriers for 
this development
PLANNING AUTHORITY
formulates energy plan
Plan expresses: 
How to overcome identi!ed 
energy related barriers to obtain 
desired development
Input to planning process: establishing of 
available energy resources. (Mapping of 
resources)
Plan proposes: 
Prioritization of technical solutions
Policy solutions Often facilitate technical solutionsAllows for desired actions from desired stakeholders
Change of regulation
Delegation of authority
De!nition of !nancial stimuli
Possible further local energy 
planning by delegated authority
Energy plan
Energy planning
Figure 22: Graphical representation of a generic energy plan, with the purposes of the plan
embedded. Authors own illustration
The top part of the figure relates the process of energy planning, whereas the bottom
part of the figure explains the contents of an energy plan.
In the figure it is stated that the plan proposes technical solutions and policy solutions
to overcoming the barriers for the desired development. As a basis for the technical
solutions prioritized in an energy plan lies a foundation of establishing what resources
are available within the boundaries of the system that is subject to the energy plan. In
other words; a prior knowledge of the potentials of the system is required. This means
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that a thorough mapping of the resources is necessary, as indicated in the top-part of the
figure. In order to propose policy changes as solutions to overcome the identified bar-
riers for the desired development, it is of course necessary with an analysis of how the
existing legislation functions. This can also be considered a prerequisite for the energy
planning process.
In the table below (figure 23), the points that will be discussed in this chapter are ar-
ranged by type. Where figure 22 was general, figure 23 is specific to the problem area.
The purpose of this presentation is to show that the parts of this chapter will relate to
di↵erent aspects of energy planning. In this chapter I will discuss the di↵erent elements
and the chart in figure 23 can be viewed as a sort of table of contents for this chapter.
While the chart does not in itself provide an exhaustive explanation of the proposals
for how to reach the ideal state, that I will outline in this chapter, it does give a good
overview of the variations in characteristics of the elements that will be discussed in
this chapter.
PROCESS NEEDED ORGANS INVOLVED CONTENT NECESSARY
Top-Down promotion of strategy National planning entity - MINAET
Local planning entity - municipali-
ties
Knowledge center of renewable 
energy
Other renewables than hydro-
power necessary
Allow for smaller, private electric-
ity producers (bottom-up facilita-
tion)
Precise resource mapping of 
renewable energy potential
Clear economic incentives - ability 
to compete for smaller electricity 
producers
Bottom-up implementation of 
solutions
Distribution of knowledge - 
building of capacity
Figure 23: Table of subjects to be discussed in this chapter. Authors own illustration
In the three columns of the table shown, the first relates to the process needed to be fa-
cilitated by the energy planning, the second the organs involved in the energy planning
and lastly the specific points of the content of the future energy plan, that is necessary in
my opinion. The last column is not meant to represent a complete list of the necessary
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content of the future energy plan, but only a few vital points that the energy plan should
include, in my opinion.
As mentioned in the methodology chapter (chapter 2) the purpose of this thesis is not
to provide an actual energy plan for Costa Rica, but rather to present necessary changes
to the structural system surrounding the energy planning in Costa Rica, as well as pin-
pointing certain areas of focus that the energy planning process should take into account
to be able to meet the challenges that the country faces within the area of energy.
When reading the following discussion on the di↵erent elements, outlined in the ta-
ble above, it is essential to notice the first two items in the first column - Top-Down
promotion of strategy and Bottom-Up implementation of solutions.
I find it crucial in the Costa Rican context that the energy planning facilitates these two
processes. The idea behind this is that it is important that an overall strategy has been
formulated (a national energy plan) which directs what final solutions are implemented
within the area of energy in general. But as explained in chapter 4 it is necessary in
Costa Rica that a prioritization of technologies that require a bottom-up approach to
their implementation, such as for instance biomass energy. E↵orts towards enabling
such a bottom-up implementation of solutions, while securing that they follow the over-
all strategy, in order to avoid sub-optimizations, will therefore permeate the discussion
in this chapter.
Below the role of the energy planning authorities will be discussed. The outset for this
will be the need to facilitate the top-down promotion of the national energy strategy
while at the same time constructing a system that enhances the possibilities for bottom-
up implementation of renewable energy solutions.
5.2 Defining the planning authorities
In energy planning it is first and foremost important that the planning authority or au-
thorities are clearly defined and that the legislation supports the entity in question, so
that it has the needed power to enforce the energy planning.
As can be seen in the figure above (figure 22) it is not necessarily one central authority
that is considered the only energy planning authority or entity. The responsibility of
planning can be delegated over several levels of the public administration. There can
therefore be one centralized, national planning authority, such as for instance the min-
istry of Environment, Energy and Telecommunications in the case of Costa Rica, and
then be sub-levels of planning authorities, such as the municipalities or regional admin-
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istrative level.
The advantage with having several levels of energy planning authorities is that the en-
ergy planning can e↵ectively act as a funnel. By this I mean that the higher level of
energy planning, such as the MINAET formulating the national energy plan for Costa
Rica, is responsible for the broader lines so to speak. And the municipalities will then
have the responsibility of formulating energy plans that have a higher degree of speci-
ficity related to the local conditions.
The reason why I think this is a favorable way of carrying out the energy planning, is
that the lower administrative level, such as a municipality, has a closer connection with
the actors and stakeholders that ultimately need to get involved when expanding the
capacity of the electricity generating capacity. Because it is necessary to generate an
accurate picture of the potential for electricity production, which is a vital part of an
energy planning process (resource mapping), a local planning authority will helpful in
this part of the process.
If the municipalities are brought to contain a capacity for handling the assignment of
formulating local energy plans it will have a great e↵ect on the feasibility of the plans
actually being realized in the future. In my opinion the risk of formulating rough and
very general energy plans that end up being vague as to how they are actually to be
carried out, will be diminished by having local authorities deeply involved in the pro-
cess as well. And the capabilities for realizing a potential for renewable energy that
relies on the participation of smaller stakeholders, that may originate from outside of
the electricity sector, will be increased.
5.2.1 Facilitating a bottom-up implementation
The fact that technologies, such as biomass fired electricity plants, are needed in the
Costa Rican electricity sector (see chapter 4), means an even stronger incentive for
having the local administrative levels engaged in the planning of the sector.
Because the biomass resources are mostly located in the agricultural sector, it is impor-
tant with a strong connection to the actors in this industry. In my opinion it is important
that public authorities with a close connection to the agricultural stakeholder, that pos-
sess the vital amounts of biomass, are brought into an active role in the energy planning.
This means that the administrative levels below the state - the municipalities - need to
be involved. The point is to give the municipalities the responsibility of formulating
local energy plans, that correspond with the national energy strategy, formulated by the
ministry. Obviously this role as a planning authority must be vested in the legislation
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and thus enable the municipalities with the necessary power to enforce the energy plan.
Part of the necessary power that the municipalities should have in order to perform ac-
cording to their responsibility is the handling of new local electricity related projects.
Proposals for new energy plants should be approved or rejected by the municipalities
according to both the national and local energy plan.
5.2.1.1 A new role for the municipalities
To make sure that as much as possible of the country’s full potential for the desired
renewable energy options is realized, it is, in my opinion, important that the munici-
palities are included in the process of mapping the resources, within their respective
geographical boundaries. In my opinion this responsibility should be coupled with the
obligation of reaching out to possible local stakeholders and actors, that may be key in
the implementation of the prioritized energy solutions, such as biomass.
The need for a bottom-up approach justifies this role of the municipalities, because they
naturally have a much better chance at reaching out to local actors and stakeholders that
are vital to the completion of future renewable energy projects of this type. The mu-
nicipalities should in my opinion be assigned the task of actively pursuing contact with
these relevant actors, such as for instance farmers possessing biomass in some form or
another. This is especially important because actors such as farmers may not necessarily
have the required knowledge about the possibilities of these types of renewable energy,
since it is outside their main area of expertise. It is therefore also a question of convey-
ing information about the possibilities for an additional income through the installation
of electricity generating technologies on the site of smaller, private enterprises.
5.2.1.2 Increasing capacity to fulfill the role
It is of course imperative that the municipalities possess the needed capacity to carry
out these obligations and manage these responsibilities. This means both having the ca-
pacity to develop and formulate energy plans of a high quality, based upon a thorough
analysis of the available local resources, as well as the capacity to deal with the tasks
that come after the local energy plan has been made. The building of this capacity is a
vital part of my proposal for changes in the administrative system, regarding the energy
planning. Such a capacity must be ensured via providing the municipalities with the
needed support, both in terms of resources and knowledge to build the required local
planning capacity.
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To return to the first column of figure 23; the concept is that the energy planning should
be funneled downwards from the broader national level to the more specific local level.
Or in other words, that a promotion of the right solutions should happen from the top
and downwards, resulting in implementation of these solutions from the bottom up. The
initiatives taken or promoted by the lower administrative levels such as the municipality
should therefore be in tune with the overall strategy for the energy system. This will
help mitigate the danger of sub-optimizations of future projects for the expansion of the
electricity grid.
5.2.2 Allowing for private producers of electricity
As explained in the chapter on the basis state of the electricity sector in Costa Rica
(chapter 3), the possibility for private companies or individual producers of electricity
is quite limited due to the restrictions of the law on auto-generation (law no. 7200)
[Asemblea Legislativa 1999]. This is of course a hindrance to the bottom-up imple-
mentation that is sought to happen with for example biomass energy plants. The energy
planning should therefore include an improvement in the options for letting smaller,
private and individual electricity producers to operate within the electricity sector.
If a bottom-up process of implementation of technologies such as biomass and wind
energy is to happen, the restrictions on the private companies and individual producers
seeking to enter this sector, must be relaxed. By the World Bank this is identified as
one of the key steps regarding Costa Rica’s competitiveness, within the area of elec-
tricity. [The World Bank 2009]. The report published by the World Bank, reviewing
competitiveness of Costa Rica in general, states that it is necessary to drop the rule that
only a maximum of 30% of the total capacity can be owned privately, either as indepen-
dent power producers (IPPs) or under the Build-Operate-Transfer scheme (BOT)9.[The
World Bank 2009] The ability for IPPs to operate within the electricity sector is further
limited because of restrictions to types of technologies and size of capacity installed.
[Geo Ingeniería Ingenieros Consultores S.A. 2011] The conclusions of the mentioned
report harmonize with my views regarding the facilitation of a bottom-up implementa-
tion of renewable energy technologies.
9The Build-Operate-Transfer scheme is when a private company receives a concession to build a
power plant with an agreement that a public company, such as for instance the ICE is the sole buyer of
the electricity produced. The scheme thus gives the private investor a safer investment because of the
guaranteed price point of the sale of the electricity
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5.3 Distribution of knowledge is key
As I have indicated in the table above (figure 23) the distribution of knowledge is one
of the important elements that the energy planning must enable. The knowledge that
is necessary to distribute downwards in the energy system both relates to the concrete
technical knowledge, knowledge about the regulation in place within the area of energy
in Costa Rica and knowledge of the national energy strategy in general.
When larger corporations in the electricity sector looks to expand the capacity they base
their decisions on how to do it, upon a vast amount of knowledge and analysis from a
range of employees with very specific areas of expertise. But when technologies such
as the ones that are needed in the Costa Rican energy context, where the bottom-up
approach is essential, people lacking such a specific knowledge of the technologies and
the functions of an electricity grid, are often the deciding factor. In other words; a
farmer normally does not know a great deal about biomass energy and may not be very
interested in such a project without the knowledge of the benefits it could bring him.
Because potential actors and stakeholders for projects of for instance biomass energy,
not necessarily possess the required knowledge about the potential and possibilities of
realizing projects of this type, it is in my opinion, necessary that a central organ can
convey this to them. I therefore propose that a central knowledge center should be
constructed, with the purpose of conveying vital information about the possibilities for
and details of realizing projects relevant to the energy plan, both national and local.
The idea with the knowledge center is that it will function as part of the capacity build-
ing of the system and the relevant actors in the system, towards more implementation
of alternative renewable energy with the purpose of alleviating the dependency on pre-
cipitation for the Costa Rican electricity production.
5.3.1 Renewable Energy Knowledge Center
The knowledge center that I propose to establish, must first and foremost have an ex-
tensive knowledge about the technologies for which the capacity is sought to be ex-
panded in the electricity sector. This means a thorough knowledge of how both wind
and biomass energy functions and the di↵erent types of plants that exist within these
two types of renewable energy technologies.
But apart from the technical knowledge about the technologies that are sought to be
implemented, it is also necessary that the center can provide information about the
regulation of the energy sector and guide future developers in this area.
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The purpose of the knowledge center is to be a hub for knowledge regarding the renew-
able energy technologies that the national energy strategy propose to install (biomass
energy being one of these).
The center should be able to supply future developers of projects that aim to imple-
ment renewable energy, with the required knowledge to ease the process of realizing
such projects. The aim with the center is to bring expert knowledge about renewable
energy projects that match the national energy strategy, to the potential developers. As
mentioned previously, these project developers and stakeholders may come from other
industries, thus lacking the expert knowledge and expertise needed to succeed with
project as these. The knowledge center will therefore act as a hub with the purpose of
both supplying knowledge itself or facilitating the contact between potential stakehold-
ers and experts or seasoned project developers, with the aim of bringing more of the
necessary projects to completion.
This is not to say that the center should have a whole team of engineers ready to be
deployed to projects where wind and biomass energy is to be installed, but merely that
the center should be able to communicate the required knowledge about the process
of the project development to the relevant stakeholders, especially information relating
to the di↵erent technical, economic and legal barriers. The role of the center is not to
solve the problems that may arise during projects implementing these technologies, but
instead to point out aspects and problematics that the project developer must be aware
of and subsequently help identify where and how the developer can obtain the needed
expert guidance in overcome these barriers. This will typically be done by contracting
specialist consultants to participate in the project process.
Besides functioning as a place where developers and stakeholders can seek relevant
information and knowledge, the center should also assist the municipalities in mapping
the potential of renewable energy and pinpointing possible actors and stakeholders from
outside the energy industry. This is also part of the e↵ort of involving the stakeholders
with a potential for renewable electricity generation, that they may not be aware of
themselves.
Because it has been identified that a push for more of these projects that increase the
capacity of wind and biomass is necessary, the center should also in my opinion have
the responsibility of pursuing where wind and biomass is capable of being installed and
identify the possible actors and stakeholders. This investigative approach should be car-
ried out in conjunction with the the municipalities.
Another important aspect of the communication of vital information for these projects is
to have a precise overview of the potential for these technologies. I have previously pro-
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posed that the municipalities should be responsible for an accurate mapping of the local
potential for renewable energy, especially the prioritized non-hydro renewables. The
knowledge center should also participate in this task, mainly to function as a capacity
builder for the municipalities in carrying out the resource mapping. The way I imagine
that the knowledge center can contribute in this area is to approach municipalities that
seem to have an obvious, substantial potential for renewable energy and then assist the
municipality in question by assessing their local energy plan and how it accounts for
the potential within the boundaries of the municipality. Areas with a large amount of
agricultural production would be a good example of a place where the knowledge center
should look into the local resource mapping and energy planning, with the purpose of
assisting with specialist know-how.
Another area where an organ like the knowledge center can be beneficial is in the coor-
dination of energy planning in areas where the potential for renewable energy crosses
the borders of several municipalities. In such a case the knowledge center can provide
the necessary overview of the situation in the coordination of energy plans for the dif-
ferent municipalities.
In terms of the establishing of a center as described in this section it is, in my opinion,
very important that the center has a natural disconnection from both the public planning
authorities and the market actors. It should remain without commercial interests in in-
dividual projects and function solely as an extension of the national energy strategy or
plan. It is therefore important that the center is run as a public, non-profit organization,
which will be able to function independently, as an addition to the capacity of the mu-
nicipalities and individual actors, both public and private in the electricity sector.
In the list below the conditions of how the central knowledge center on renewable en-
ergy should work, is presented.
• Function as an unbiased communicator of this knowledge, as a public non-profit
organization
• Convey the required knowledge and act as a funnel for the required information
from the higher, broader perspective of the national energy strategy to the local
level where the practical implementation takes place
• Extensive and exhaustive knowledge about the relevant technologies
• Capacity for analyzing and mapping the potential for the relevant technologies,
all the way down to the local level and assist municipalities in doing so.
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In the formulation of the idea for this center I have been inspired by a similar center, or
rather, central team that the government in Denmark constructed to strengthen the devel-
opment of biogas plants throughout the country. [Biogassekretariatet 2013] In Denmark
a similar capacity has also been created to assist the municipalities in pinpointing suited
locations for the placement of wind turbines. This capacity is in the form of a traveling
team of employees that have the possibility of helping the municipalities overcoming
barriers for the implementation of land-based wind turbines. [Naturstyrelsen 2013]
5.4 Economic incentives for the right technologies
Increasing the economic incentives is a vital part of the actions that need to be taken
to secure a higher penetration rate of non-hydro renewables in the electricity producing
capacity in Costa Rica, as for instance wind and biomass energy.
However, through the analyses carried out in this research, the current regulation does
not in my opinion provide the needed support for these technologies. I base this on the
fact that no direct subsidiaries are granted and the only increase in the economic incen-
tives that is provided through the regulation are in the form of limited tax exemptions on
the import of specialized equipment related to the installation and operation of renew-
able energy technologies, as per law no. 7447. [Geo Ingeniería Ingenieros Consultores
S.A. 2011, Asemblea Legislativa 1994b] (see section 3.3.3 for account of the content of
law no. 7447.)
The economic support this provides for project developers seeking to implement such
technologies, thus only relates to the initial up-front investment. And while it is positive
that the economic incentives for installation of renewable energy is increased via law
no. 7447, I find several aspects of this support to be problematic and ultimately not
su cient.
In law 7447 the types of equipment that is mentioned to qualify for tax exemptions, are
mostly small scale for domestic electricity generation. Of the equipment mentioned in
the law much of it has to do with connection from smaller renewable energy sources
to small, closed circuits of direct current. [Geo Ingeniería Ingenieros Consultores S.A.
2011]. This leads me to conclude that the law is mainly oriented towards giving rural
communities an increased economic incentive to install equipment to supply themselves
with electricity.
In my opinion it is necessary to expand the economic incentives that the regulation
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gives for renewable energy technologies, especially for ones of the non-hydro type, to
facilitate that as much of the potential for these renewables is realized. While it is posi-
tive that the regulation provides an economic incentive for the installation of renewable
energy technologies a need for support of the operation of renewable energy plants is,
in my opinion, present. The smaller potential producers of electricity, as for example
farmers with possibilities of producing electricity from biomass, need to see a possi-
bility of stable income from the sale of electricity for it to make it attractive to them
to participate in such activities. In my opinion this is most e↵ectively accomplished
through the granting of feed-in tari↵s to the desired type of electricity production. In
many countries this model is favored to promote investments in and installation of cer-
tain renewable energy technologies. In Costa Rica it would make sense that such a
subsidy would be aimed at smaller producers seeking to implement non-hydro renew-
ables to increase the incentives to tap into the potential for these technologies, that the
country possess.
To provide an example of the financial barriers that renewable energy projects face in
Costa Rica, the following section will contain a description of a handful of relevant
projects implemented in the country.
5.4.1 Examples of financial barriers for existing projects
To provide an insight into renewable energy projects activities in Costa Rica, the fol-
lowing will draw on information from actual renewable energy projects in Costa Rica.
This will be based on both registered CDM projects and a non-CDM project.
The registered CDM projects are a reliable source of information on the financial as-
pects of implementation of renewable energy projects, since an analysis on the financial
barriers is often utilized to prove the, for CDM registration needed, additionality. As a
minor note the registered CDM projects can also function as an indicator of the activi-
ties regarding renewable energy projects going on in Costa Rica.
5.4.2 Registered CDM projects in Costa Rica
As of January 2013 a total of 10 CDM projects had been registered in Costa Rica. [Fen-
hann 2013] The types of technologies implemented with these projects span over the
most common renewable energy technologies seen in CDM projects, namely; hydro,
wind, biomass and landfill gas. The latter is in the context of present thesis consid-
ered to be biomass energy as well. Of the biomass projects that does not have to do
with landfill gas collection and utilization, none are generating electricity. Electricity is
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however generated in one landfill gas project.
Of the ten registered CDM projects I find that only four are relevant for this discus-
sion on economic incentives through regulation. The reason for this is that I choose to
only look at non-hydro projects that also contribute to the electricity production of the
country. Both biomass projects are of the fuel replacement type and one of the landfill
projects flare the collected landfill gas instead of utilizing it for electricity generation.
This leaves three wind power projects and one landfill gas project.
5.4.2.1 Details of the relevant CDM projects
Regarding the wind power projects I first of all find it interesting to see that of the
three registered projects only one has a non-public organization as project developer
and owner. In the two remaining wind power projects the ICE and COOPESANTOS, a
public corporative, are the owners. In my opinion this supports my previous conclusion
that it is di cult for smaller, private companies to enter the electricity sector and suc-
cessfully implement renewable energy projects.
In the Project Design Document (PDD) of the ’Los Santos Wind Power Project’ CDM
project that has been registered in the Clean Development Mechanism, it is stated that
wind power projects are considered of such a high risk, that no new wind power projects
are developed without support from carbon finance mechanisms. [UNFCCC 2012b]
Although I have not had access to data to either prove or dispute this claim, I think it is
worrying that a project developer makes such a statement.
As a side note I think it is worth to mention that all three wind power projects are land-
based. This serves to support my claim that the o↵-shore option for wind power in
Costa Rica has not su ciently been addressed.
If a project seeking to implement renewable energy obtains registration as a CDM
project and subsequently gets Certified Emissions Reductions (CERs) issued, this will
of course have a positive e↵ect on the economy of the project in question, thus lowering
the aforementioned risk with these projects.
If the subsidies, for instance in the form of feed-in tari↵s, were in place in Costa Rica,
it is my firm belief that projects such as the one mentioned above, would be more at-
tractive to investors and thus lead to an increase in the realization of the potential for
renewable energy in the country.
The ’Los Santos Wind Power Project’ is owned and operated by the public company
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COOPESANTOS and the project activity relates to the installation of wind turbines
with a total capacity of 12,75 MW. The total investment for the project amounts to
approximately US$ 38 million. With the support of CDM registration the project devel-
oper was able to meet the financial requirements to make the investment in the project
activity. [UNFCCC 2012b]
For the CDM project ’Tejona Wind Power Project’ owned by ICE, the financial barrier
analysis (performed to show that the project activity meets the required additionality
criterion) showed that without the sales of CERs the internal rate of return (IRR) only
amounted to 8,8% and thus not meeting the requirements for the ICE to invest in this
activity. The ICE requires a minimum IRR of 12%. [UNFCCC 2012c]
The third registered CDM wind power project is the privately owned ’Guancaste Wind
Farm’. The project involves the installation wind turbines with a total capacity of 49,5
MW. The fact that the project amounts to less than 50 MW of total installed capacity is
due to the limitations of the regulation, which states that no privately owned electricity
plant can surpass a capacity of 50 MW.
For this project the IRR was also calculated as part of the financial barrier analysis with
the result of an internal rate of return of 7,85%. This project was also deemed to be able
to overcome the financial barrier through the support of CERs issued as a registered
CDM project.
In the registered CDM landfill gas project ’Rio Azul landfill gas and utilization project
in Costa Rica’, it is stated that the benchmark for which renewable energy projects
are normally compared, with respect to the internal rate of return is that the projects
must have an IRR of 18% or above. Projects with an IRR of less than 18% are not
considered feasible, according to the project PDD. These financial requirements for
renewable energy projects are based upon the extensive experience with hydropower
projects in Costa Rica. [UNFCCC 2012a] In the case of this landfill gas project it is
clearly stated in the PDD that the project would be economically not feasible were it
not for the added financial support from the sale of CERs granted through the Clean
Development Mechanism.
The above information on the economic aspects of the four registered CDM projects
serves to show that each of the projects required an economic support in one form or
another.
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5.4.2.2 Example of a non-CDM biogas project in Costa Rica
In a report on renewable energy in Latin America and the Caribbean region published by
OLADE (Organización Latinoamericana de Energía - Latin American Organization on
Energy) a description of a small biomass project is provided as an example of renewable
energy projects in Costa Rica. The project consist of a biogas plant using manure from
pork production to produce and utilize biogas for electricity production. The turbine
producing electricity on site has a capacity of 13,9 kW and the produced electricity is
used on site. [Organización Latinoamericana de Energía 2011]
In this project the biogas reactor has successfully been implemented but in lack of funds
the project owner has not been able to acquire the needed gas-scrubber to clean the pro-
duced biogas from sulfur. The e↵ect of the lack of equipment to remove the sulfur from
the produced biogas means that the gas cannot be utilized as fuel in the turbine, because
of the corrosion of vital parts of the engine this would lead to. The status of the project
today is therefore that the produced biogas is flared and none of the energy contained in
the gas is exploited.
While the problematic with the lack of funds for the purchase of the gas-scrubber relates
to the initial investment I argue that if the project was applicable to receive subsidies in
the form of feed-in tari↵s for the produced electricity or another form of subsidy related
to the operation of the plant, the financial reality for the project would be quite di↵erent
and the possibility of obtaining the required financial means to purchase the required
equipment would be more likely.
The examples above are of course a very limited data set to perform an analysis on
the intricate details of the economic aspects to developing renewable energy projects in
Costa Rica. I do however feel that they give a good idea of the reality for the economy
in renewable energy projects in the country.
All in all the examples provided above outlines the problematics concerning funds for
the types of renewable energy projects that would contribute in a positive way to the
overcoming of the challenges that the Costa Rican electricity sector face today. In my
opinion feed-in tari↵s are the optimal choice because the support the operation of the
plants while at the same time showing a clear signal to future project developers which
types of renewable energy technologies are desired as part of the Costa Rican electricity
generation.
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5.5 A graphical overview of the proposed conversion
In this last part of the chapter the elements needed to enable a conversion of the elec-
tricity sector from the basis state to the ideal state are summarized. The purpose with
this section of present chapter is to provide an overview of the model I propose for the
conversion. This is done by presenting a figure with the elements previously discussed.
The figure shows how the individual elements discussed in this chapter correlates with
each other.
This section will thus be characterized as conclusive remarks to the discussion provided
in present chapter and the purpose of this section is to lead up to the subsequent chapter
in which the conclusion to the thesis is presented. In the chapter containing the conclu-
sion (chapter 6) the conclusions drawn in this and other parts of the thesis will be linked
to the problem area and argumentation for how the problem statement is answered will
be presented.
The figure presented below (figure 24) draws on both figure 22 and 23, where the illus-
tration of the generic energy plan and the elements to be discussed in this chapter are
presented, respectively.
Figure 23 outlined the elements that were to be discussed and can be seen as a form of
overview of the content of this chapter. In this figure the three columns with categories
related to the energy planning process in one form or another was shown. As stated
earlier in the methodology chapter (chapter 2) the purpose of this thesis was not that
the outcome would be a comprehensive energy plan per se. But rather to pinpoint how
the existing system surrounding the energy planning process, thus comprising also of
the organs involved in this, could gain a capacity to carry out energy planning that can
ultimately alleviate Costa Rica of some of the pressing issues related to its’ electricity
supply.
The model that I propose below therefore attempts to join the discussed elements into
one graphical representation showing how all these elements relate to each other.
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Figure 24 is centered around the two levels of administrative authority that should be
involved in the energy planning process, namely the national and local level. Between
the two planning authorities, the lighter colored box describes the necessary content
of the energy plan as it has been argued in present chapter. The placement of the box
describing the necessary content of the energy plan is between the national and local
energy planning authorities because of the relation to both of these authorities.
Where the national energy planning authority (MINAET) is responsible for formulating
the national energy plan, (as it is the case today) this plan should in my opinion contain
the points listed. And at the same time the plans formulated at the local levels should
have the listed content of the energy plan at the very core of their structure and the
solutions they propose. In other words, the national level defines the energy plan as a
guideline for the local level to formulate locally specific energy plans.
The renewable energy knowledge center is placed o↵ to the side to indicate that it acts
from outside the process of formulating the energy plans, but conveying information
and knowledge into the process. The center acts to enhance the capacity of formulating
the energy plans for the local level. The idea with the center is that the municipalities are
able to draw on the knowledge and expertise that the center possess. The center can be
considered a consultancy service to the lower administrative levels for their obligation
of formulating local energy plans and in the process of reviewing proposed renewable
energy projects from local actors.
As described earlier in this chapter the center should also have an investigative approach
to assisting in uncovering the potential for renewable energy. The center will therefore
also have the responsibility of contacting municipalities where an obvious potential for
renewable energy is present, to make sure that a good local energy plan is made to re-
alize this potential. I imagine this part of the centers obligation as in a way to be an
assurance that the municipalities with potential for expansion of renewable energy, es-
pecially non-hydro, will actually carry out their duty of formulating a local energy plan
of the required high quality.
When looking at figure 24 above it is important to keep in mind that the elements de-
scribed and arranged according to each other only relates to the capacity building for
realization of non-hydro renewable energy. This model should therefore not be con-
sidered as a complete recipe for capacity building of energy planning in general, but is
specifically minded the necessary priority of ensure that the realization of the potential
for non-hydro renewable energy is maximized. This is done under the auspices of the
national energy plan to avoid sub-optimizations.
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The large arrow-types in the figure shows the overall approach to reaching the goal of
an increased security of supply of electricity. The top-down promotion refers to the fact
that from a national level a certain path must be promoted. This path is basically the
contents of the national energy strategy. In this example it only relates to the potential
smaller producers of electricity from non-hydro renewable energy sources, as this is
the focus basis on previous analyses done in this thesis. But a top-down promotion of
certain solutions for the electricity sector should also be performed for the larger actors,
such as for instance ICE. This is however not within the focus of the discussion carried
out in present chapter.
The increase in energy e ciency, as mentioned in the ideal state, has not been included
in this figure. The reason for this is that while it is very important to increase the en-
ergy e ciency in order to alleviate the pressure on the existing electricity generating
capacity, this does not directly relate to how more non-hydro renewables are installed
in Costa Rica. The increase in energy e ciency should therefore be considered as an
addition to the initiatives presented in this chapter.
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6
Conclusion
In this chapter the conclusion to the research carried out in this thesis will be presented.
The aim of the thesis has been to answer the following problem statement.
What challenges related to electricity production from renewable energy sources
does Costa Rica face today? And how can future energy planning take these
challenges into account and ensure a heightened level of energy security, while
maintaining that the majority of the electricity produced using renewable energy
sources?
6.1 Answering the problem statement
To answer the problem statement I have firstly described the energy situation in Costa
Rica, specifically within the area of electricity production. This has been done to pro-
vide an understanding of the challenges the country face within the area of electricity
production today and the looming di culties with supplying electricity in the future.
From this overview it is apparent that the large amount of hydropower gives the country
problems with securing an adequate generation of electricity during the dry period from
December until April. Coupling this with the expected increase in demand for electric-
ity makes it clear that the country must look for alternative ways of covering the demand
if this is to be done without relying on the import of energy from other countries.
Since Costa Rica do not possess resources of fossil fuels itself, the ability of supplying
its’ citizens with the needed amount of electricity must be based upon the exploit of
options for electricity generation through the use of renewable energy sources.
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6.1.1 Backcasting as method for the analysis
I have made the methodological choice of relying on the principles of backcasting for
the approach to the analysis in this thesis, because I feel that this normative methodology
is well suited for the complex problem area. The method of backcasting is particularly
beneficial for analysis and planning of complex systems, such as an energy system and
the study of how it could be in the future.
Furthermore, part of the reason why backcasting is particularly well suited has to do
with the energy planning that has actually been carried out in Costa Rica and the plans
for the expansion of the electricity capacity that are currently in place. By this I mean
that the plans for the expansion of the capacity by the largest electricity producer, ICE is
almost exclusively based upon hydropower, thus only bound to contribute to the prob-
lematic of the seasonal variation of precipitation with the decrease in capacity from
hydropower plants to follow. The principles of backcasting frees the planning process
from looking at the current state of the system, thus liberating the process of planning
for future solutions by not staying locked into how the system currently functions, as
the plans from ICE indicate, is currently the case in Costa Rica.
Following the concept of backcasting I have defined an ideal state for the Costa Rican
electricity sector, with regards to the future expansion of the generating capacity. As
the most central pillar in this ideal state is the need to prioritize the implementation of
non-hydro renewable energy in the electricity sector in Costa Rica to comply with the
goal of decreasing the dependency on precipitation for the electricity production in the
country.
6.2 Getting to the ideal state
Although hydropower will most likely be a very important part of the electricity gener-
ation in the country in the future also, it is, in my opinion, imperative to try to diminish
the dominance of this energy source in the energy mix, because of the problems with
seasonal variations that the technology has in Costa Rica. The solutions to the problems
with the security of supply of electricity I propose, therefore relates to how the capacity
of the energy planning system is increased with regards to implementation of non-hydro
renewables. Within this an emphasis on wind and biomass energy has been placed.
In the mission to expand the capacity with non-hydro renewable energy I see the bottom-
up approach to implementation of these technologies as very important and something
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that should be enhanced through the energy planning in the country. Especially in
the case of biomass energy, where the stakeholders who holds the necessary resource
(biomass) typically are not a part of the electricity sector, but originates from other
sectors such as the agricultural sector.
This has lead me to conclude that there is a need for some structural changes of the
system surrounding the energy planning in Costa Rica today.
In my opinion it is imperative that the local level is involved also during the process
of energy planning, especially since a need for a bottom-up implementation is needed.
Where the Ministry of Environment, Energy and Telecommunications (MINAET) is
currently the sole energy planning entity in Costa Rica, I propose that lower adminis-
trative levels are granted the authority and obligation to formulate local energy plans as
well. The municipalities should be involved in the energy planning process in a man-
ner, where they are guided by a national energy plan, in which part of it will function
as a strategy for how the expansion of the electricity capacity should take place. This
will act as a way of securing a top-down promotion of the desired solutions and then
subsequently lead to a bottom-up implementation of the desired solutions.
In my opinion a good energy plan require a thorough mapping of the local resources
and a profound understanding of the local possibilities related to energy. I conclude that
it will be beneficial for the municipalities to play a role in this. They should therefore
be appointed as energy planning entities, with the responsibility of formulating a local
energy plan.
Of course such a change in the area of responsibility must be backed up by securing that
the municipalities are fit to perform this task. The capacity building within the area of
energy planning is therefore of paramount importance. To make sure that this capacity
will be present within the administration of the municipalities, a center to support the
municipalities with this task should be constructed. The center should be a central hub
for information and knowledge regarding technical possibilities and barriers, financial
barriers and how to overcome these, as well as support in knowledge about the national
energy plan and strategy. The latter is important to make sure that the principles defined
in the national energy plan are conveyed all the way down to the project developer that
will ultimately be responsible for the implementation of the desired solutions regarding
installation of renewable energy technologies.
This proposed knowledge center on renewable energy will have distribution of knowl-
edge and assistance of projects related to installation of renewable energy as its’ most
94
RASMUS SALDERN ANTONSEN TEKSAM
central obligations. Through my analysis on the energy planning carried out in Costa
Rica today, I have found that while many of the pressing problems are mentioned in the
national energy plan, published by theMINAET [MINAET 2011], in reality they are not
addressed nor are any real solutions to them attempted. This conclusion relates to the
planned expansion of the electricity generating capacity. In the national energy plan the
problems caused by the large amount of hydropower with its’ seasonal fluctuation in the
production output from this source is mentioned as a severe challenge to the country’s
future electricity supply. But while this is mentioned in the plan, the reality remains to
be that the plans made for the future expansion of the electricity generating capacity is
based upon installation of large hydropower plants. Since the public companies, with
ICE being by far the largest, account for the vast majority of the capacity for electricity
production, the plans that these companies have made for the expansion of the capacity
can be viewed as the future reality of the electricity sector in Costa Rica. The public
companies, with ICE at the front, accounts for approximately 86% of the total installed
capacity in Costa Rica and the planned expansion from these companies in the years to
come has hydropower as the dominant source of energy to be installed with a total of
84% of the capacity for the planned expansion. In my opinion, this will only enhance
the problems with the electricity supply during the months of December to April.
When researching the energy situation in Costa Rica one cannot help but notice and be
impressed by the amount of electricity that is currently produced via renewable energy.
But when that is said I think that it is important to note that the situation is very likely
to change for the worse if the right decisions and prompt actions are note made in due
time.
In my opinion my conclusions in this thesis can be part of the solution for a more stable
electricity sector that is still based upon renewable energy.
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Perspectives
In this thesis I have touched upon part of the vital area of how Costa Rica should move
the development of its’ electricity sector forward. And while I find the problematics that
has been the basis for the research in this thesis to be very pressing for the construction
of a stable electricity sector, I also think it is worth emphasizing that Costa Rica in many
ways should be considered an good example to follow with respect to renewable energy.
The fact alone that a developing country such as Costa Rica has such a large amount of
renewable energy as the basis for its’ electricity production is impressive. It is none the
less of paramount importance that the right solutions are sought for the future develop-
ment of this area in the future.
In my opinion the country should consider its’ advanced development within the area
of renewable energy as an asset not only because it contributes to the increment of the
country’s energy security or that it plays a vital role in the global combat of climate
changes, but because it enables the country to build a specific experience with the use
of technologies that are bound to have an ever increasing importance globally.
In the public debate in Denmark it has sounded for a number of years that we must com-
pete in the global world on the basis of knowledge. I imagine that Costa Rica could take
the a similar stance and brand itself on becoming a knowledgable partner for other de-
veloping countries when it comes to developing an energy system based upon renewable
energy. But in order to do so it is important that the country is able to manage over-
coming the challenge of implementing the less obvious renewable energy technologies.
So far the country has been blessed with enough resources for hydropower to sustain
the majority of the electricity production on the basis of this technology, but as I have
shown in this thesis this advantage is diminishing. If it is to become an expert on renew-
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able energy at large it must look further than this obvious choice. Not least because the
advantages of this resources is decreasing for the country. It is the knowledge gained in
the experience of realizing the less obvious renewable energy sources, that I think can
become a valuable asset for the country in the future. Not only because of the energy
security this will provide the country, but also as an exportable area of expertise.
It would be inspiring to see a developing country such as Costa Rica, assist other devel-
oping countries in going green, with the expertise the country has gathered through its’
own process. And I firmly believe that the it will be an advantage in this context that
the Costa Rica could be considered a more equal peer from other developing countries
in the quest for securing the needed energy through the exploit of renewable energy
resources.
97
Bibliography
K. L. Anderson. Reconciling the electricity industry with sustainable development:
backcasting - a strategic alternative. Futures, 33:607–623, 2001.
Peter Antonsen. Conversation with Peter Antonsen, September 2012.
ARESEP. Quiénes somos?, January 2013. URL http://www.aresep.go.cr/index.
php/aresep.
Asemblea Legislativa. Regulación del Uso Racional de la Energía. Law, San José,
Costa Rica, 1994a.
Asemblea Legislativa. Ley no. 7447 - regulación del uso racional de la energía. Law,
1994b.
Asemblea Legislativa. Ley que autoriza la generación eléctrica autónoma o paralela.
Law, San José, Costa Rica, 1999.
Asemblea Legislativa. Proyecto de Ley - Ley General de Electricidad (Expendiente 17.820).
Asemblea Legislativa, 2010.
Biogassekretariatet. Biogassekretariatet - ét hold. Published through website
(pdf-file with slides), January 2013. URL http://www.naturstyrelsen.
dk/NR/rdonlyres/AAB8DB9A-8284-463A-8425-BEF0CE59ADB1/0/
Biogassekretariatet_juli_2011.pdf.
Kornelis Blok. Introduction to Energy Analysis. Techne Press, Amsterdam, 2007.
Central Intelligence Agency. The World Factbook - Costa Rica, 2012. URL
https://www.cia.gov/library/publications/the-world-factbook/
geos/cs.html.
RASMUS SALDERN ANTONSEN TEKSAM
Central Intelligence Agency. The World Factbook - Distribution of in-
come, 2013. URL https://www.cia.gov/library/publications/
the-world-factbook/rankorder/2172rank.html?countryName=
Chile&countryCode=ci&regionCode=soa&rank=15#ci.
Comisión de Integración Energética Regional (CIER). Costa rica, 2013a. URL https:
//sites.google.com/site/regulacionsectorelectrico/costa-rica.
Comisión de Integración Energética Regional (CIER). Marco normativo ambiental,
2013b. URL https://sites.google.com/site/marconormativoambiental/
costa-rica.
Tue Damsø. Tilbage til fremtiden. Master’s thesis, TekSam - Roskilde University,
Roskilde, February 2012.
Danmarks Meteorologiske Institut, 2013. URL http://www.dmi.dk/dmi/index/
verden/verdensvejr.htm?city=3621849&cc=CR.
Teofilo de la Torre. Hacia Un Nuevo Modelo Energético para Nuestro País. MINAET,
San José, Costa Rica, July 2010.
Encyclopedia of Nations. Costa rica - politics, government and taxation,
2012. URL http://www.nationsencyclopedia.com/economies/Americas/
Costa-Rica-POLITICS-GOVERNMENT-AND-TAXATION.html.
Enerdata, 2013. URL http://www.enerdata.net/.
Karla Espinoza. Frente ampluio dice no a la ley general de electricidad,
January 2013. URL http://www.elpregon.org/v2/costarica/politica/
2753-frente-ampluio-dice-no-a-la-ley-general-de-electricidad.
Jørgen Fenhann. Unep risø cdm/ji pipeline analysis and database, January 2013.
Geo Ingeniería Ingenieros Consultores S.A. Análisis comparativo del marco regulato-
rio, incentivos y sistema tarifario de precios existentes. Technical report, ARECA,
Tegucigalpa, Honduras, 2011.
Global Observatory. Current list of hydropower plants, 2013. URL http://
globalenergyobservatory.org/list.php?db=PowerPlants&type=Hydro.
ICE. Plan de expansión de la generación eléctrica. Technical report, Instituto Costarri-
cense de Electricidad, San José, Costa Rica, 2012.
99
RASMUS SALDERN ANTONSEN TEKSAM
MINAET. Plan Nacional de Energía. Minsterio de Ambiente, Energiá y Telecomunica-
ciones, San José, Costa Rica, 2011.
Naturstyrelsen. Vindmøllerejseholdet. Published through website, January
2013. URL http://www.naturstyrelsen.dk/Planlaegning/Planlaegning_
i_det_aabne_land/Vindmoeller/Vindmoellerejseholdet/.
Niels-Peter Nimb. A↵aldsforbrænding i hovedstadsområdet. Master’s thesis, TekSam -
Roskilde University, Roskilde, September 2012.
Organización Latinoamericana de Energía. Energía Renovable en América Latina y el
Caribe - Costa Rica, August 2011.
Oxford University. New Oxford American Dictionary. Oxford University Press, Inc.,
3rd edition edition, 2010.
G. Pepermans, J. Driesen, D. Haeseldonckx, R. Belmans, and W. D’haeseleer. Dis-
tributed generation: definition, benefits and issues. Energy Policy, 33:787–798, 2005.
John B. Robinson. Futures under glass - a recipe for people who hate to predict. Futures,
October 1990.
John B. Robinson. Future subjunctive: backcasting as a social learning. Futures, 35:
839–856, 2003.
Manuel Eugenio Rojas. Centroamérica: Estadísticas de producción del subsector eléc-
trico, 2011. Technical report, Comisión Económica para América Latina y el Caribe
(CEPAL), 2011.
Raquel Salazar. Demand side management in costa rica: Exploring regulatory measures
for its implementation. Master’s thesis, Lund University, Lund, Sweden, June 2011.
Hans-Wilhelm Schi↵er. Wec energy policy scenarios 2050. Energy Policy, 36, issue 7:
2464–2470, July 2008.
Sindicato de Ingenieros y Profesionales del ICE, Racsa, Filial CNFL y Proyectos.
Análisis - proyecto de ley general de electricidad. Published through website:
http://www.siicecr.org/, 2011.
TeleSur. Costarricenses protestaron contra intento de privatizar el sector eléctrico,
January 2013. URL http://www.telesurtv.net/articulos/2012/07/30/
costarricenses-manifiestan-por-apertura-del-sector-electrico-4642.
html.
100
RASMUS SALDERN ANTONSEN TEKSAM
The World Bank. Costa rica - competitiveness diagnostic and recommendations.
Poverty Reduction and Economic Management Department - Report no. AAA39,
July 2009.
The World Bank. Costa rica - public expenditure review: enhancing the e -
ciency of expenditures, 2013. URL http://web.worldbank.org/WBSITE/
EXTERNAL/COUNTRIES/LACEXT/EXTLACREGTOPECOPOL/0,,contentMDK:
21808603~pagePK:34004173~piPK:34003707~theSitePK:832499,00.html.
UNFCCC. Cdm project - pdd 37. Clean Development Mechanism, 2012a.
UNFCCC. Cdm project - pdd 6275. Clean Development Mechanism, 2012b.
UNFCCC. Cdm project - pdd 824. Clean Development Mechanism, 2012c.
US Department of State. U.s. relations with costa rica, 2012. URL http://www.
state.gov/r/pa/ei/bgn/2019.htm.
Wikipedia. Politics of costa rica, 2013. URL http://en.wikipedia.org/wiki/
Politics_of_Costa_Rica.
World Weather and Climate Information. Average weather in santamaria,
costa rica, 2012. URL http://www.weather-and-climate.com/
average-monthly-Rainfall-Temperature-Sunshine,Santamaria,
Costa-Rica.
101
